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ABSTRACT
P rev ious in v e s t ig a to rs  developed ap p ara tu s fo r  o b ta in in g  v a p o r-liq u id  
eq u ilib riu m  d a ta  and derived  methods o f o o r re la tln g  t h i s  d a ta  based on 
thermodynamic con sid e ra tio n s*  The methods used to  o b ta in  v a p o r- liq u id
e q u ilib riu m  d a ta  have l im ita t io n s  th a t  a re  u su a lly  imposed by th e  physica l
>
n a tu re  o f th e  systems being studied* These l im ita tio n s  have prevented 
d e te rm in a tio n  o f a s u f f ic ie n t  amount o f r e l i a b le  d a ta  on th e  v a rio u s  ty p es  
o f  system s encountered to  perm it development o f  s u ita b le  c o r re la t io n s  fo r  
th e  ex ten sio n  o f lim ited  d a ta  or p re d ic tio n  o f v a lu es from a  minimum amount 
o f  r e la te d  data* Some o f th e  r e la t io n s  p rev iously  presen ted  have found 
wide a p p lic a tio n  a s  approxim ations and in  some cases have been ap p lied  
under co n d itio n s  fo r  which they  a re  no t v a lid *
A more v e r s a t i l e  r e c i r c u la t io n  type eq u ilib riu m  s t i l l  has been 
developed fo r  th e  d e te rm in a tio n  o f v a p o r-liq u id  eq u ilib riu m  d a ta  on 
m iee ib le  or p a r t i a l ly  m isc ib le  system s a t  p re ssu re s  ranging  from below 
atm oepherio to  considerab ly  above atmoepherio* The s t i l l  i s  o f  m etal 
c o n s tru c tio n  u t i l i z i n g  a  c e n tr ifu g a l pump w ith  a la rg e  by-pass l in e  as 
a condensed vapor rece iv er*  The pump w ill  a g i ta te  th e  two liq u id  phases 
00 com pletely t h a t  they behave as a homogeneous, s in g le  phase f lu id  and 
can be removed from t h i s  re c e iv e r  in  th e  r a t io  th a t  i s  p resent*  T his s t i l l  
was found to  s a t i s f a c to r i l y  d u p lic a te  l i t e r a t u r e  v a lu es  fo r th e  m iee ib le  
system , Ethanol-W ater, and th e  p a r t ia l ly  m isc ib le  system , n-B utanol-W ater, 
a t  atm ospheric pressure*
xi
V apor-liqu id  eq u ilib riu m  d a ta  fo r  Ethanol-W ater* n-Buianol-W ator# 
E thyl Aeeiate-W ater# and n-Hexane-Ethanol a t  atm ospheric p r00sura and
£or n-Hoxana-Sthanol a t  2f50 mnu, 59$ mm.* 1270 mm*# I j b j  mm** 2J10 mm.# 
and 2850 nan* t o t a l  p ressu re  aro  presented*
Tho follow ing aqu a tio n  l a  proposed fo r  th e  c o r re la t io n  o f  a c t iv i ty  
c o e f f ic ie n ts  d eriv ed  from v a p o r-liq u id  eq u ilib riu m  d a ta  fo r  b inary  
aye t erne ra th e r  th a n  th e  commonly used em p irica l power s e r i e s 8
t  • “  fu g a e ity  o f component 1 when under i t e  own vapor p re ssu re
^  J'l ~ /_  . / _  /f> /  I /. /  tT- P„ 1 /Z_ /77 __ iP )
where
Y '  — a c t iv i ty  c o e f f ic ie n t  o f  component 1 
Y  2 a c t iv i ty  c o e f f ic ie n t  o f component 2 
y^ — mole f r a c t io n  o f  component 1 in  vapor 
—  mol© f ra c t io n  o f component 1 in  l iq u id
y^ —  mole f r a c t io n  of component 2 in  vapor
x — mole f ra c t io n  o f  component 2 in  l iq u id  
2
*1
a t  th e  tem perature o f  th e  so lu tio n
f  **• fu g a e ity  o f component 2 when under i t s  own vapor p re ssu re  
2
a t  th e  tem perature  o f th e  s o lu tio n
fu g ae ity  c o e f f ic ie n t  o f component 1 evaluated  a t  a reduoed
tem pera tu re  corresponding to  th e  c r i t i c a l  tem perature  o f
component 1 and a reduoed p ressu re  corresponding to  th e
t o t a l  p ressu re  and c r i t i c a l  p ressu re  o f component 1
fu g a e ity  c o e f f ic ie n t  o f component 2 evaluated  a t  a reduced
x i i
tem peratu re  corresponding to  th© c r i t i c a l  tem peratu re  o f 
component 2 and a  reduced preeeur© cor responding to  th e  
t o t a l  p re ssu re  and o r l t l e a l  p re ssu re  o f  component 2
—  m olal volume o f  component 1 In  th e  liq u id
W1
—* m olal volume o f  component 2 in  th e  l iq u id
Ma
— vapor p re ssu re  o f  component 1
—  vapor p re ssu re  o f component 2
R —  Gas C onstant
T — ab so lu te  tem peratu re  
^ T T  —  t o t a l  p re ssu re
An improved method fo r  p re d ic tio n  o f  a c t iv i ty  c o e f f ic ie n ts  and 
v a p o r-liq u id  eq u ilib riu m  over moderate p re ssu re  ranges from a ccu ra te  
i s e b a r le  b o il in g  p o in t measurements over th e  e n t i r e  com position range 
i s  presented* This method I s  based on th e  proposed c o r re la t io n  equa­
t io n  and seems to  perm it p re d ic tio n  o f  t h i s  d a ta  as a c c u ra te ly  as  I t  
can be determ ined experim entally* The equipment necessary  to  o b ta in  
th e  b a s ic  d a ta  i s  much le s s  involved th an  th a t  fo r  d e te rm in a tio n  o f  
th e  v a p o r-liq u id  eq u ilib riu m  data*
x i i i
CHAPTER I 
INTRODUCTION
The development o f azeo tro p ic  and e x tra c t iv e  d i s t i l l a t i o n  aa 
Im portant ln d u a tr ia l  p rocesses has s tim u la ted  m&ny in v e s tig a tio n s  
o f  th e  v a p o r-liq u id  e q u i l ib r ia  o f no n -id ea l systems* While a la rg e  
amount o f d a ta  have been o b ta in ed , c o r re la t io n  of t h i s  d a ta  in  a 
g en e ra lized  and conveniently  u sab le  form has proved to  be an exceed­
in g ly  d i f f i c u l t  problem#
The u su a l approach to  c o r re la t io n  ie  by © valuation of th® 
d e v ia tio n s  from th e  laws o f id e a l  so lu tio n s  employing equations based 
on thermodynamic ooneidorations#  Use o f thermodynamic a n a ly s is  has 
proved to  b© very v a lu ab le  in  c o r re la t io n  of v ap o r-liq u id  equilibrium * 
For example, th e  Gibbs-Duhem eq u a tio n , which in  d i f f e r e n t i a l  form 
expresses th e  necessary  co n d itio n s  fo r  any phase eq u ilib riu m  under 
co n d itio n s  of co n stan t tem perature  and p re ssu re , ie  commonly employed 
a s  a t e s t  fo r  thermodynamic consistency  o f v a p o r-liq u id  equ ilib riu m  
d a ta ,  tfh ile  thermodynamic consistency  does no t in  i t s e l f  c o n s ti tu te  a 
p roof o f eq u ilib riu m , i t  doee g ive strong evidence of such* In c o rre c t 
d a ta  may be c o n s is te n t ,  but thermodynamically in c o n s is te n t d a ta  cannot 
be o o rre o t. Thermodynamic consistency  should always be used as a guide 
when drawing a l in e  through experim ental v ap o r-liq u id  equ ilib riu m  d a ta . 
In s tead  of using  th e  d i f f e r e n t i a l  form o f th© Gibbs-Duhem equation , 
c e r ta in  in v e s t ig a to rs * ^ ' ^  have developed in te g ra te d  forms which
1
2w il l  be d iscussed  more f u l ly  in  l a t e r  sec tions*  These equations a re  
commonly ap p lied  under co n d itio n s  of oonetan t p ressu re  and vary ing  
tem peratu re  fo r  which they  a re  no t v a l id ,  having been derived  a t  
oonetan t tem perature* Of th e se  in te g ra te d  forms th e  Van £#aar^* ^  
equatione a re  probably th e  most w idely used* They co n ta in  two em pirica l 
c o n s ta n ts  which a re  supposedly independent o f com position a t  co n s tan t 
tem pera tu re  fo r  any p a r t ic u la r  substance, bu t which a re  known to  vary  
w ith  tem perature* The assum ption th a t  th e se  c o n s ta n ts  a re  independent 
o f  tem pera tu re  has lead to  poor r e s u l t s  in  many oases and p o in ts  up a  
very  d e f in i t e  need fo r  in v e e tig a tio n  o f th e  e f f e c ts  o f  tem peratu re 
v a r ia t io n  on th e se  constants*  Since liq u id  " a c t iv i ty  c o e f f ic ie n ts "  a re  
a  q u a l i ta t iv e  measure o f th e  d e v ia tio n s  from id e a l s o lu tio n  behav io r, 
and s in ce  th e  co n s ta n ts  of th e  v ario u s  in te g ra te d  forms o f th e  Gibbs- 
Duhem equation  a re  e&elly r e la te d  to  th e se  a c t iv i ty  c o e f f ic ie n ts ,  th e re  




A. DERIVATION OF THE THERMOWTNAMIO RELATIONS*
7 The Gibbs-Duhem equation  l a  & rig o ro u s  thermodynamic expression  
o f  th e  necessary  co n d itio n s  fo r  phase equ ilib riu m  o f  a  closed eyetom 
a t  co n s tan t tem pera tu re  and pressu re*  I t  was f i r s t  deduced by J*
10 o
W illard Gibbs in  1079 and la te r*  independently  by P# Duhsm in  1866*
I t  has been shown th a t  th e  change in  f re e  energy* F* In  a homogeneous
phase a s  a  fu n c tio n  o f  th e  tem perature* T» th e  pressure* P* and th e
number o f  moles o f  each component present*  n^* n^*• »** ie
, / 3f ) ^ r  +  / f ^ )  <*p  + ( l £ ) d n ,  +  L2£ \ d n z + •••
Since one of th e  eo n d ltio n s  o f a closed system in  eq u ilib riu m  a t  
co n s tan t tem pera tu re  and p re ssu re  i e  ( S f J ^ p  * 0* Equation (1 ) reduces
* *  ( i f )  oln, +  ( § £ )  =  O  ( 2)
C an'/77 pt ne;-° '  p, V  * *
where
( ^ )  =  r *\ a n ,  /
which ie  known as th e  p a r t i a l  molal f re e  energy* Since Equation (2 ) 
i e  a p a r t ia l  molal equation* th e  Independent and dependent v a r ia b le s  
can be switched y ie ld in g  th e  fo llow ing  expression  fo r  a b inary  system s
» .  ( % k
5
4In  o rd er to  d e f in e  seme terms* a d ig re s s io n  I s  In  order* The 
p a r t i a l  m olal f r e e  energy* V* i s  r e la te d  to  th e  fugaeity*  f* a t  oonetant 
tem pera tu re  fey th e  fo llow ing  equation  which ie  a  p a r t i a l  d e f in i t io n  o f 
ftogaeity*
Q u a lita tiv e ly *  fu g ae ity  i s  a measure o f  th e  esoaping tendency o f  
any p a r t ic u la r  substance in  any p a r t ic u la r  phase and th© concept was
24in troduced  by G* N* Lewis to  account fo r  th e  behavior o f  r e a l  gases 
as  compared to  p e r fe c t  gases* I t  should be remembered th a t  when two 
phases a re  in  equilibrium * th e  fu g ae ity  o f  any p a r t ic u la r  component i s  
th e  same in  both  phase*# s© i f  th e  fu g ae ity  o f a component in  th e  vapor 
phase can be ca lcu la ted*  th e  fu g ae ity  in  th e  liq u id  phase I s  obtained  
sim ultaneously*
Fugaeity o f  pure gases I s  re la te d  to  p re ssu re  through th e  b asio
17
thermodynamic fu n c tio n s  as describ ed  by Hougen and Watson w ith th e  
fo llow ing  re su lts*
f  s  th e  fu g a e ity  o f  th e  pure gas a t  tem peratu re , T*
P * th e  pressure*
z  * th e  co m p re ss ib ility  fac to r*  z * fo r  one mole*
This equation  i s  e a s i ly  in te g ra te d  g ra p h ic a lly  or a n a ly t ic a l ly  i f  a 
s u i ta b le  equation  o f s ta te  I s  evaluated* This in te g ra tio n  has been 
c a r r ie d  ou t in  con junction  w ith  th e  theorem o f corresponding s ta te s  




5reduced tem peratu re  and pressure*  This r a t i o  (|>) i s  coraraonly termed
th e  Hfu g a e ity  c o e ff ic ie n t*  and th e se  p lo ts  provide a  very  convenient 
method fo r  o b ta in in g  th e  fu g a e ity  o f a  pure eubetanoe a t  any condi­
t io n *  o f  tem p era tu re  and p ressure*
For tre a tm e n t o f  problems invo lv ing  s o lu tio n s  i t  i s  convenient t o  
d e f in e  ano ther thermodynamic p ro p erty  which i s  d i r e c t ly  re la te d  to  
fu g a e ity  and hence a lso  t o  f r e e  energy* This property* ca lle d  a c tiv ity *  
a* ie  defined  a s  th e  r a t io  o f th e  fu g a e ity  o f a component In  a g iven s ta te  
t o  i t s  fu g ae ity  in  an a r b i t r a r i l y  defined  standard s ta t e  a t  th e  same 
tem perature* Thus*
where
a  = a c t iv i ty
f  *  fu g ae ity  in  th e  g iven s ta t e
f°*  fu g ae ity  in  th e  standard  s ta te  a t  th e  same tem perature  and
p ressu re  which can be evaluated  by Equation (5 ) under i t s  own 
vapor p ressu re  a t  th e  tem perature* th en  co rrec ted  fo r  pressure*
This c o r re c tio n  fo r  th e  e f f e c t  o f p ressu re  on th e  fu g ae ity  o f th e
l iq u id  i s  derived  from th e  same b as ic  coneid© rations as  Equation (5 )
fo r  gases* The exp ression  i s
bll* vviltyw abur*f X •
vm -  m olal volume o f  th e  liq u id  a t  th© tem perature* T* and p re ssu re  T t
• jf  •  t o t a l  p re ssu re  o f th e  system*
P s  vapor p ressu re  o f  th e  pure liq u id  a t  th e  tem perature* T*




fu g a e ity  o f th e  pure liq u id  under i t s  own vapor p re ssu re  a t
6Combination o f  Equations (6 ) and (4 )  give#
/er^u a = T  - ~ f0 <a)
where
T  *  p a r t i a l  m olal f r e e  energy In  th e  given s ta t e  a t  tem peratu re  T*
F° * p a r t i a l  m olal f r e e  energy in  th e  standard  s ta t e  a t  th e  e&me
tem pera tu re  T*
Xn th e  case o f  l iq u id  eo lu tio n e  i t  i e  eonvenlent to  d e fin e  th e
standard  s ta t e  as th e  pure component a t  th e  tem peratu re and p ressu re  o f
th e  m ixture* With t h i s  oholee o f  etandard s ta t e  th e  a c t i v i t i e s  become
equal to  th e  mole fra c tio n s*  x# in  m ixtures which form id e a l so lu tions*
s in c e  f  in  Equation ( 6 ) can be rep laced  by x f° . I t  ehould be noted th a t
t h i s  i s  a  v a r ia b le  etandard s ta t e  s in ce  in  th e  ease o f oonetan t p re ssu re
v a p o r-liq u id  equilibrium * th e  tem peratu re  o f th e  so lu tio n  v a r ie s  w ith
composition* or when iso therm al th e  p re ssu re  v a r ie s  w ith  composition*
The e f f e c t  o f t h i s  v a r ia b le  standard  s ta t e  on a c t iv i ty  should be studied*
The statem ent* th a t  whoa id e a l l iq u id  so lu tio n s  a re  formed* th e
a e t iv i t y  equals th e  mole fra c tio n *  does no t hold fo r  n o n -id ea l l iq u id
24so lu tio n s*  To account fo r  t h i s  3* fl* Lewis in troduced  th e  a c t iv i ty  
c o e ff ic ie n t*  Y , which when m u ltip lie d  by th e  mole frac tio n *  x* gives 
th e  a c t iv i ty *  Thus
YJC  -  CZ = ( 9a)
o r
K -  - 5 -  -- — o9 “  JC p  f  (9b)
The standard  s t a t e  has a lread y  been defined  and may be summed up
in  th e  fo llow ing manner# A standard  s ta te  o f u n it  a c t iv i ty  i s  o f te n  very
convenient* and i t  i s  known th a t  th e  behavior o f a so lu tio n  approaches
7th e  id e a l  ( ^ s o lv e n t  approaches u n ity )  as  th e  pure so lv en t I s  approached 
( x approach©© u n ity )*  Hence th e  product* V^xf or th e  a e t iv i ty  a le e  
approaches un ity*  and th e  pure component a t  th e  tem perature  and p re ssu re  
o f  th e  m ix ture y ie ld s  a  convenient etandard  s t a t e  o f u n i t  a c t iv i ty *
For b inary  system s under co n d itio n s  where th e  vapor phase may be 
t r e a te d  a s  a  p e r fe c t  gas (low p re ssu re s )  w ithout much e r ro r  and where 
th e  vapor phase may be assumed to  re p re se n t an id e a l so lu tion*  Equation 
(9b) reduces to  th e  fo llow ing fo r  component I t
r f  -  r  -  H *  71l Z
'  Z ,  p *  z ,  < 1 0 >
where
— mole f r a c t io n  o f  component 1 in  th e  liq u id  phase* 
y ,  -  mole f r a c t io n  o f  component 1 in  th e  vapor phase*
-  p a r t i a l  p ressu re  o f component 1 a t  th e  tem peratu re  o f th e  
so lu tio n *
“ vapor p re ssu re  of component 1 a t  th e  tem perature  o f th e  
so lu tio n *
-jj* a  t o t a l  p ressu re  o f th e  system*
The a s te r is k  re p re se n ts  a p ressu re  s u f f ic ie n t ly  low th a t  th e  above 
assum ptions w il l  hold*
From Equations (5 ) and (8 ) one form o f  th e  Gibbs-Duhem equation  
fo r  b inary  m ixtures can be w r i t te n
n, d  JU a, &£. -  °  (ix)
I t  i s  d e s ira b le  fo r  g ra p h ic a l m anipu lations to  express t h i s  in  
term s o f a c t iv i ty  c o e f f ic ie n ts  s in ce  they  vary le s s  w ith change in  
com position th an  do th e  a c t iv i t i e s *  For a b inary  m ixture th e  follow ing 
development can be w r itte n
aXf -h Xa -  I 
c J X f  +  d Z &  =  O
Equation ( 11) ©an be w r itte n  in  th e  fo llow ing  eq u iv a len t form
( 12)
X i d Q i  ~t~ d -A t Q ^ - O
How s u b tra c tio n  o f  Equation (13) from Equation (11) give©
X .  =  o
d J U  r , = — ^  c / ^ t
X f
cJ  ^ £*x. (1?)
This form ie  more convenient fo r  g rap h ica l in te g ra tio n s ,  bu t th e  
fo llow ing  form ie  more convenient fo r  cheeking thermodynamic consis tency  
o f  v a p o r-liq u id  eq u ilib riu m  d a ta  by use  o f th e  elopes o f th e  u su a l a c t iv i ty  
c o e f f ic ie n t  v e rsu s  mole f r a c t io n  p lo ts*
These in te g ra te d  form s, which a re  th e  exp ressions most commonly
used to  show th e  v a r ia t io n  o f a c t iv i ty  c o e f f ic ie n ts  w ith com position
a t  co n d itio n s  o f co n stan t tem pera tu re , a re  most conveniently  derived
by c o n s id e ra tio n  of} th e  f re e  energy changes accompanying th e  form ation
o f a so lu tio n  from i t s  components in  th e i r  standard s ta te s*  According
1 7
t o  Hougen end Watson th e  f re e  energy change o f m ixing, F^, i s  given 
by th e  fo llow ing genera l equation  where th e  standard s ta te  ie  tak en  as
( ! * )
B. DEVELOPMENT of THE INTEGRATED FORMS OF THE GIBBS-DUHEM
EQUATION*
9th e  pure components a t  th e  tem peratu re  and p ressu re  o f  th e  systems
^ ^ > 7  ~ *7* E c' < 5 T /V  E l
where        r r -
■S'/I,' fu ' -  ^  ^  + rtg. Fk + ' *' o
^  n , '  r ? ,F t °  + n t F2 + - ' ~  F
Combining Equations (15)# (6 )# and (9b) 
where *
m  J * . x *  =  ^  A  ^  '  “
/ 7 ^ - X .  Y t =  n , ^ * i  +  n * ' £ ~ rh  +  m"
For an id e a l so lu tio n  a l l  a e t iv i ty  c o e f f ic ie n ts  a re  equal to  u n ity  
and th e  term  reduces to  aero* T his term  was designated  by
Seateh&rd and Ham er^ a s  th e  excess f r e e  energy# F®# o f  th e  so lu tion*  
Thus# th e  f re e  energy# F# o f  any s o lu tio n  may be w r i tte n  as
F  = J E  /& ' F i °  +  ^
(17)
where
F esl Cc z  th© excess f re e  energy*
The p a r t i a l  molal f re e  energy o f any component i s  ob tained  by d i f ­
f e r e n t ia t in g  Squation (1?)# th u s  fo r  component 1#
—  —  _  ^  j .  3 F e
F, = F , ° +  ---------
Expansion o f  th e  ssoond terra combined w ith Equation (12) g ives
(18)




/ T =  F ,°  +  F T ^ X ,  +  ^
( 20)
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By comparison o f  Equation* (20) and ( 6 ) It. may be seen that.
t f  =
sn d  e
f z r t£  -  ( 22 )
Wohl-' po in ted  out th a t  th e  em pirica l equations which have been 
commonly used fo r  ee rre l& tio n  o f a c t iv i ty  c o e f f ic ie n ts  re p re se n t sp e c ia l 
cases o f th e  fo llow ing  equation  fo r  th e  excess f re e  energy* F®*
— %, ^ t  ' Z ' .  ^  +/ E  f ' 2i
fZ'l Xf /  ** ft **.■&£&
where
-  mole f r a c t io n  o f component 1*
q i  » e f f e c t iv e  molal volume o f component 1 *
z i  * e f f e c t iv e  volume f r a c t io n  o f  component 1*
a ih  e tc .*  em p irica l co n s ta n ts  correeponding to  th e  in d ica ted
* " groups o f components in  th e  summations*
S u b sc rip ts  i f  h , j 9 and 1 each may correspond to  any component o f  
th e  m ixture in  th e  term s o f th e  in d ica ted  summations*
Equation (2 J )  i s  designated  a four s u f f ix  equation  as  ch a rac te r iz e d  
by th e  l a s t  summation term  In d ic a tin g  in te ra c t io n s  o f  groups o f fou r 
m olecules* I f  th e  l a s t  term  i s  dropped th e re  rem ains a th r e e - s u f f ix  
eq u a tio n . Each a d d itio n a l summation in tro d u ces  added co n stan ts  to  perm it 
improved re p re s e n ta tio n  o f  in c reas in g ly  complex re la tio n sh ip s*
The r e la t io n s  which have been used in  th e  p as t to  c o r re la te  vapor- 
l iq u id  equ ilib rium  d a ta  have assumed th a t  Equation (2 J)  or some sim pler 
form o f  Equation (2^) i s  a s a t is fa c to ry  expression  fo r  th e  exoess f re e  
energy $ which i s  questionab le*  T herefore th e  va lu e  o f such equations
i s  doub tfu l except a s  an approximation#
11
The e f fe c t iv e  molal volume* q» in  Equation ( 2^) serves to  r e l a t e  
th e  e f f e c t iv e  volume fra c tio n s*  z # to  th e  mole f r a c t io n s ,  x, thue
^    _______________
7 * ,+  9 % t z  + t t y * * * ' "  (24)
and
^  = % +  %  U  + %  <25>
Since Equations (21) and (22) a re  v a lid *  thermodynamically con­
s i s t e n t  ex p ressions fo r  th e  logarithm  o f  th e  a c t iv i ty  c o e f f ic ie n ts  a t  
c o n s tan t tem peratu re  can be obtained  by d i f f e r e n t ia t io n  o f a s u ita b le
BS/|
fo ra  o f  Equation (2^)* tfo h l^  did t h i s  fo r  a b inary  system o f com­
ponents 1 and 2 u s in g  a th r e e - s u f f ix  form o f Equation ( 25) w ith  th e  
fo llow ing  equations be'lng developed*
‘ ( 26 )
^  r *  * z? C e  + g ( *  %  ~  8 )  (27)
These equations co n ta in  th re e  c o n s ta n ts , A, B, and q^/q^, which must be
empirically determ ined fo r  each system under considera tion*  By u se  o f
v a rio u s  assum ptions regard ing  th e  r a t io  o f th e  e f f e c t iv e  molal volumes,
q ^ /q g , th e  number o f  em pirica l co n stan ts  may be reduced to  two*
Margules2^ in  e f f e c t  assumed t h i s  r a t i o  q^/q^ to  be un ity*  With
t h i s  assum ption Equations (26) and (27) reduce to  th e  Margules equations
£
a s  m odified  by C arlso n  and O olbum  •
^  r , -  * 1 1 * + £  = (£ r e ~ * }  (26)
y-£  = x f f j s + z Q i - B )  * * 7  =  (29)
B e a te h a rd ^  and h is  coworker ^  took th e  e f fe c t iv e  molal
volumes a s  equal to  th e  ao tu a l molal volumes of th e  pure components so
12
th a t  t j / t j j  equaled
Van Laar^°f assumed th e  r a t io  q^/q^ equal to  A/B and roduced
eq u atio n s (26) and (2 ?) to  th e  fo llow ing forms as rearran g ed  by C arlson
wad C olburn?» _  £
. „  Z  _  / ? Z *
r , =  " Z *  -  (50)
2  8 X , a
- & f r  t g . -  -  ( x ,  + % Z e . ) Z’ ^
which may be rearranged  to  a form s u ita b le  fo r  so lv ing  fo r  A and B 
d i r e c t ly .  .  >. - j  2
T f J  (52 )
4 t 4 t D  <»>
The work o f  W h ite^  suggested th e  rearrangem ent o f  th e se  equations In
(34)
th e  s t r a ig h t  l in e  form as  follow s*
^ y  ,/£= ^  ^
■ £ ( % ) + - &
D if fe re n tia t io n  proves th a t  equations ( 50 ) through (53) s a t i s f y  th e
g en era l r e la t io n  o f  Equation (14) provided A and B a re  considered as
t r u e  constan ts*  The r e s u l t  o f  t h i s  d i f f e r e n t ia t io n  i s  as follows*
( 4 ^ 1 , = :  ~ ¥ *  > '  0
0  1  ( H * £ ) i , . o ~  -
However th e se  "co n stan ts"  a re  not co n stan t even under th e  co n d itio n s  
fo r  which th e  equation  was derived  as can be seen from F igures 1 , 2* 9* 4 , 
5* 6 , and 7* F igure 1 i s  a  p lo t  o f th e  Van Laar co n s tan ts  A and Bf which 
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32 0fo r  E thanol- Water o f Jones# Schoenborn# and Go1burn a t  JS>0 0## ag& inet 
mole p e rcen t Ethanol in  th e  liq u id *  F igure 2 i s  a p lo t  o f  logarithm  o f 
th e  a c t iv i ty  c o e f f ic ie n ts  a g a in s t  mole p e rcen t Ethanol in  th e  liq u id #  and 
wae in se r te d  fo r  purposes o f comparison s in c e  Equations (JO) and ( J l )  show 
t h a t  lo g  iTj equals  A a t  equal aero# and likew ise  log  ^  equals B a t  
equal un ity*  The c i r c l e s  show what log should be i f  i t  were thermo* 
dynam ically c o n s is te n t  w ith log  Y^ according to  th e  Gibbe-Duhem Equation* 
F ig u res  J  and 5 a re  s im ila r  p lo ts  fo r  th e  co n stan t p re ssu re  (7^0 m i l l i ­
m eter) d a ta  o f B ieder and Thompson^ on th e  same system* The co n stan te  
would be expected to  vary  h ere  s in c e  th e  tem perature  v a r ie s  from a low 
v a lu e  ©f 7^*15° 100,00° 0 , In  F igure 4 th e  co n sta n ts  a re  p lo tte d
a g a in s t  th e  tem peratu re  corresponding to  th e  v arious l iq u id  concentra­
t io n s  o f  F igure 5* Choice o f  any o f th e  many p o ss ib le  v a lu es  would lead  
to  a  poor d a ta  f i t  over some range o f  th e  ooncen tra tlone which i s  un­
d e s irab le #  th e re fo re  th e se  a re  approxim ations which should only be used 
in  th e  absence o f  any bu t a  minimum o f experim ental data* The h igh ly  
p re c is e  d a ta  o f Scat chard and Raymond^ on Ethano1- Oh 1 or o form a t  4^° C* 
i s  shown in  F igures 6 and 7* The c i r c le s  show th e  d a ta  to  he more thermo­
dynam ically c o n s is te n t  than  th e  Ethanol-W ater data# bu t th e  v a r ia t io n s  o f 
th e  Van Laar co n s ta n ts  i s  s t i l l  evident*
I f  th e  v a l id i ty  o f th e  Van Laar type equations i s  accepted# vapor- 
l iq u id  equ ilib riu m  d a ta  can be ca lc u la te d  over th e  e n t i r e  co n cen tra tio n  
range from a  knowledge o f  one p o in t. I t  i s  apparent from exam ination o f 
Equation ( l )  t h a t  a t  th e  azeo tro p lc  p o in t where x -  y# th e  a c t iv i ty  co­
e f f i c i e n t s  can be evaluated  from a knowledge of the vapor p re ssu re  o f th e  
p a r t ic u la r  components a t  th e  a z so tro p ic  tem perature to g e th e r  w ith th e  t o t a l
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pressure* fleing Equation* (28) and (29) a r  (5&) (25) t h © co n s tan ts
A and B can be evaluated  fro® a  minimum o f data* This method la  quoted 
by Hougen and Watson*  ^ a* g iv in g  f a i r  re s u i te  when th e  a seo iro p ic  p o in t 
l i e s  between 0*25 and 0*75 &eie f r a c t io n .
K urt Wahl"" ^  reviewed th e  fo regoing  method© and equation© and has made 
recommendations as  to  whieh equation  give© b e s t  resu lt®  fo r  v a rio u s  ty p es  
o f  eystems* His recommendations a re  as  fo llo w s«
I t  i s  dem onstrated th a t  th e  u su a l M srgules equation  
w il l  be q u a n ti ta t iv e ly  u s e fu l mainly fo r  system a o f  r e la t iv e ly  
sm all d issym etry  fo r  whieh i t  i s  about eq u iv a len t w ith th e  
u su a l Van Laar equation* The l a t t e r  holds fo r  many ©yeterne 
up to  somewhat h ig h er degrees o f dissym etry# When i t  does 
n o t f i t  th e  d a ta  i t  1© suggested to  u se  th e  th re e - s u f f ix  
Soatchard and Hamer equation  o r , w ith  sp ec ia l advantage In  
c e r ta in  cases th e  fo u r - s u f f ix  Van Laar equation* In  cases 
o f  s t i l l  h ig h er dissym etry  in  which th e  curve fo r  th e  
a c t iv i ty  c o e f f ic ie n t  w ith th e  lower end va lu e  shows a  maximum 
o r & very f l a t  course in  th e  neighborhood o f  i t s  end v a lu e , 
th e  th r e e - s u f f ix  q -eq u a tio n  may be applied* S t i l l  more use­
fu l w ill  be th e  fo u r - s u f f ix  Mar gu les equation*
3
B enedict and h is  coworkere^ used an equation  o f  th e  same type as 
Equation (25) to g e th e r  w ith curve f i t t i n g  o f experim ental P-V-T d a ta  by 
th e  method o f l e a s t  squares to  ev a lu a te  c e r ta in  co n stan ts  o f  th e  b inary  
system s and th en  used th o se  to  ev a lu a te  te rn a ry  d a ta  composed o f t :,e 
th re e  b inary  m ixtures* They claimed th a t  t h i s  circumvented th e  in a c c u ra te  
assum ptions o f th e  Van Laar type equations*
T heir exp ression  r e la t in g  th e  a c t iv i ty  c o e f f ic ie n t  o f  any component 
t o  th e  v ap o r-liq u id  eq u ilib riu m  com positions fo r  th e  ©am© component I s  a 
m o d ifica tio n  o f Equation (9 ) based on th e  theory  th a t  th e  second co ef­
f i c i e n t  o f  th e  v i r i a l  equation  o f s ta te  i s  s u f f ic ie n t  to  express th e  
d e v ia tio n s  from th© p e r fe c t gas laws# Hie equation  i s
r  = — < * >
* i x ,  ^  e
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where v^ i s  th© m olal volume o f  th e  liq u id  component 1 a t  th e  tem peratur©  
end p re ssu re  o f  th e  so lu tion* ami I s  th e  second v i r i a l  c o e f f ic ie n t  o f  
th e  v i r i a l  equ a tio n  o f  s ta t e
/ V  =  r t (  /  + ;y  ■ /  (?7)
where B and 0 a re  th e  v ir i& l c o e f f ic ie n ts  and a re  fu n c tio n s  o f  tem pera- 
tu re*  th e  a d d it io n a l  term  o f  Equation (55) c o r re c ts  fo r  th e  non­
id e a l i ty  o f th e  gaseous phase and th e  e f f e c ts  o f p ressu re  on th e  liq u id *
0 . EFFECT OF TEMPERATURE OH ACTIVITY COEFFICIENTS 
The equations developed by White^2 from co n s id e ra tio n s  o f th e  Van 
der Waala equation  o f  s ta te  fo r  m ixtures o f  gases included a tem pera tu re  
f a c to r  and a re  v a l id  fo r  low p ressu re s  only* i f  a t  a l l ,  s in ce  th e  Van der 
Waale equation  o f  s t a t e  i s  no t adequate to  express th e  behavior o f most 
systems* His equations a re
-rJo f r, =•
a * i
(56)
f c  =
& l£  
75Jn!'S
(59)
where eo n s tan ts  *att and ^b* a re  th e  co n sta n ts  o f th e  Van der Waals 
e q u a t i c n t ^ ^ p 2J ^ ^ ) r  By in sp e c tio n  I t  can be seen th a t  th e se  equa­
t io n s  a re  eq u iv a le n t to  th e  u su a l Van Laar equations* i f  th e  tem peratu re  
i s  constant*  His equations a re  probably su p erio r to  th e  usual Van Laar 
eq u a tio n s  fo r  co n stan t p re ssu re  d a ta  a t  low p ressu res  sine© th e  tempera­
tu r e  fa c to r  i s  taken  in to  considera tion*  T h e o re tica lly  i t  should be
25
p o s s ib le  to  caleu lat©  th e se  co n stan ta  from th e  o r i t l e a l  co n s tan ts  o f  th e  
pure components* b u t accord ing  to  White th e s e  methods a re  no t r e l ia b le *
In  add ition*  th e  term# "R|g M and a**« not s u f f ic ie n t ly  defined
except th a t  they  a r e  th e  Van der Waale co n sta n ts  fo r  th e  mixture*
P a r t i a l  d i f f e r e n t ia t io n  o f  Equation (9b) w ith  re sp e c t  to  tem peratu re  
a t  co n stan t com position y ie ld s
/ 9 A j i )  = / s - A / > )  _ / E A _ i ° )
V 9 -T  / X t  ~  '  & T  J X ,  1  ^ 7" h%  (* D
The change o f fu g a c ity  w ith  tem perature and hence th e  r ig h t  hand s id e  o f
Equation ( 4 l )  can be r e la te d  t o  h ea t q u a n t i t ie s  by th e  method o f  Lewis 
25and Randall whieh y ie ld s  an expression  fo r  th e  v a r ia t io n  o f a c t iv i ty  
c o e f f ic ie n ts  w ith tem perature*
a i r ,  ( u f — /fc ,
— f r 1  =■---------------------------------------------------- * 7 - *  <W)
where
HP I s  th e  molal enthalpy  o f component 1 a t  th e  tem perature o f
tn e  so lu tio n  b u t a t  a p re ssu re  s u f f ic ie n t ly  low th a t  i t  behaves
a s  an id e a l  gas*
TT i s  th e  p a r t i a l  molal enthalpy o f component 1 in  th© so lu tio n
and a t  th e  tem peratu re  o f  th e  so lu tio n  w ith re sp e c t to  th e  same
re fe re n c e  s t a t e  as  th e  molal enthalpy o f th e  gas* H|*
H? I s  th e  p a r t ia l  molal en thalpy o f pure component 1 or a t  a 
s t a t e  o f  i n f i n i t e  d i lu t io n  w ith  re sp e c t to  component 2 re fe r re d  
to  th e  same re fe re n c e  s ta t e  as  th e  molal enthalpy o f  th e  gas* HJ*
0 ^  “  H |) 1b th e  p a r t ia l  molal en thalpy r e la t iv e  to  th© pur© com­
ponents a t  th e  tem peratu re  o f th e  so lu tio n  or th e  d i f f e r e n t i a l  heat 
o f  so lu tion*
The d i f f e r e n t i a l  h e a t o f  so lu tio n  i s  described  as  th a t  q u an tity  o f h e a t 
involved when one mole o f  th e  component i s  added to  such a la rg e  q u an tity
2b
o f  th e  so lu tio n  th a t  th e  o v e ra ll  co n cen tra tio n  rem ains e s s e n t ia l ly  
constan t*  According to  Hougen and Watson*^ th e  u se  o f Equation (4g) 
fo r  c a lc u la t in g  th e  e f f e c ts  o f  tem pera tu re  i s  com plicated by th e  f a c t  
t h a t  v a lu es  o f  (Sfj “  H j) vary  considerab ly  w ith  tem peratu re  and a re
r a re ly  known over any ex ten siv e  range*
22Jo n es, Sehoenborn, and Colburn attem pted to  compare th e  theo­
r e t i c a l  e f f e c t  o f  tem pera tu re  ae defined  by Equation (4g) to  th e  ex­
p e rim en ta lly  determ ined d e v ia tio n s  o f a c t iv i ty  c o e f f ic ie n ts  o r more 
s p e c i f ic a l ly  to  Van Laar c o n s ta n ts  w ith  tem peratu re  fo r  th e  system 
Bthanol-W ater* The r e s u l t s  were in co n c lu siv e  p a r t ly  due to  th e  narrow 
tem peratu re  range (50°  0* to  do® 0*) s tu d ied  and p a r t ly  due to  th e  lack  
o f  r e l i a b l e  h e a t o f  so lu tio n  data* In  r e a l i ty  i t  seems more lo g ic a l  to  
determ ine h ea t o f  so lu tio n  d a ta  from a c t iv i ty  c o e f f ic ie n t  d a ta  s in c e  th e  
l a t t e r  a re  more e a s i ly  and r e l ia b ly  determ ined*
Among th e  more re ce n t a ttem p ts  a t  c o r re la t io n  o f  th e  e f f e c ts  o f
4tem peratu re  on a c t iv i ty  c o e f f ic ie n ts  i s  t h a t  o f Berg and McKlnnie who 
developed a pu rely  em pirica l r e la t io n  in  s t r a ig h t  l in e  form a t  co n stan t 
p ** iU o»  ,  T p ) 0 i * S
=  K  -
x  7 5  < * »
where
£ i s  an em p irica l constant*
Tjj i s  th e  reduced tem pera tu re  o f th e  so lu tio n , T/Tc so lu tion*
A p lo t  o f  log  Y a t  co n s tan t com position versus i i i M 0 ,43  should
Tr
be a  s t r a ig h t  l in e  w ith  a  slope o f K and an in te rc e p t o f zero* This in te r ­
c ep t w i l l  be zero  because a t  th e  c r i t i c a l  p o in t o f a s o lu tio n  th©
25
p ro p e r t ie s  o f l iq u id  and vaper a re  in d i s tin g u ish a b le  g iv in g  an a c t iv i ty  
c o e f f ic ie n t  o f  u n ity  whose logarithm  i s  aero* At th e  same tim e th e  Tti
fu n c tio n  i s  s e re  because i s  u n ity  a t  th e  c r i t i c a l  po in t*  However when 
t h i s  fu n c tio n  was te s te d  on experim ental d a ta  only one o f  th e  system s 
p resen ted  by th e  au th o rs  gave a  s t r a ig h t  l in e  in  accordance w ith  Equation 
(4 1 ) . I t  i s  b e lieved  th a t  i f  th e  tem peratu re  range o f  t h i s  system was 
extended to  th e  lower tem peratu res  i t  would show cu rv a tu re  a ls o .  Obvious­
ly  a  c o r re la t io n  o f  t h i s  ty p e  i s  n o t very  b e n e f ic ia l  i f  e x tra p o la tio n  over 
a  r e l a t iv e ly  wide range o f  tem p era tu res  i s  no t p o ss ib le  w ithou t ex ten s iv e  
experim ental d a ta .  j
M eries and Go I bum 3® s a ile d  th e  term  o f  th e
A.
B enedict equation  *2^% a  c o rre c tio n  fa c to r*  Seheibel ' p resen ted  an 
em p irica l method o f  c a lc u la tin g  v a lu es  o f  2 a s  a  fu n c tio n  o f  th e  vapor 
p re ssu re , e r l t i o e l  p re ssu re , and c r i t i c a l  tem perature o f th e  pure com* 
penent and th e  t o t a l  p ressu re  on th e  system* Th© equation  i s
where i s  th© vapor p ressu re  o f  component 1 , i s  th e  t o t a l  pressure*
PG i s  th e  c r i t i c a l  p ressu re  o f  component 1, and T^ I s  th© reduced 
tem peratu re  T/Tq fo r  component 1 . I t  i s  somewhat involved so a  nomograph 
was p resen ted  fo r  ra p id  e v a lu a tio n . This c o rre c tio n  i s  Im portant a t  
h ig h er p re ssu re s , b u t I s  a lso  s ig n if ic a n t  when d iffe re n c e s  between th e  
b o il in g  p o in ts  o f th e  components o f  th e  m ixture a re  la rg e  so th a t  one or 
more o f th e  components w ill  be p resen t in  th e  l iq u id  a t  a tem peratu re con­
s id e ra b ly  d i f f e r e n t  from i t s  own b o ilin g  point*
2$
An approxim ate method fo r  e s tim a tin g  th e  e f f e c t  o f  tem pera tu re  on 
asee tro p ee  i e  g iven  by Carl sen and Golburn^* I t  i s  assumed th a t  th e  
r a t i o  o f  a c t iv i ty  e e e f f ie ie n te  V *  i e  independent o f  tem p era tu re  a t  
& g iven  concen tra tion*  Then from Equation (10) a t  th® az©©tropic con­
c e n tra t io n  where x^ * y^#
p=>*
( 4 5 }( JL)
V Ye. A
p *
Then by p lo t t in g  a g a in s t x from d a ta  a t  a  known tem peratu re  and02 1
on th e  earns s e a ls  a s  P3*°t F j /P j  a g a in s t tem perature* th e  azeo tro p io
co n cen tra tio n  can be found th a t  w ill  g ive th e  same v a lu e  fo r  th© r a t io
i '  //  any tem pera tu re  desired*
The fo llow ing  em pirica l equation  may then  be used to  e s tim a te  th e  
t o t a l  p ressu re  corresponding to  th e  aaeo tro p io  co n cen tra tio n  estim ated  
th e  preceding method!
/  ( X , P ,  + ? * ? * )
where
PazfP - —vapor  p ressu res  o f th e  azeotrope* component 1* and com- 
2 ponent 2 a t  tem perature t*
~“vaPo r p re ssu re s  of th e  azeotrop©9 component l.t and oom- 
^ ponent 2 a t  th e  tem perature t 1•
x x —mol© f ra c t io n s  o f components 1 and 2 in  th e  aaeo trope
1 ^ a t  tem perature  t*
x 1,  x* —mole f ra c t io n s  o f components 1 and 2 in  th e  azeotrop©
® a t  tem perature  t 1*
From th e  azeo trope  com positions and p ressu res  estim ated  in  thi®
manner corresponding co n s tan ts  fo r  th e  Van Laar equation  may be g o tte n
from Equations (^2) and (2?)* In  t h i s  way a c t iv i ty  c o e f f ic ie n t  and
27
v a p o r- liq u id  com positions may be estim ated  over lim ited  ranges of 
tem pera tu res  and pressure©* This method ha© not been s u f f ic ie n t ly  
explored to  e s tim a te  th e  e r ro rs  involved, bu t they  would seem to  be 
many and se rio u s  in  view of th e  assum ptions involved* In sp ec tio n  o f 
experim ental d a ta  from th e  l i t e r a t u r e  shows th a t  '^ / ' f  at  c o n s ta n t 
com position l e  n o t independent of tem perature* However* i f  Equation 
(4j>) were m odified u s in g  Equation (J6)* i t  ©on b© seen th a t
An ex ten sio n  o f t h i s  id ea  to  th© method o f  Carlson and Colburn ju s t  
p resen ted  might be of value in  es tim a tin g  more c o r re c tly  th® e f f e c t  o f  
tem peratu re  on azeotropee*
D. OTHER CORRELATIONS 
Gilmont and co-workers^* presented  a method o f c o r re la t in g  vapor- 
l iq u id  eq u ilib riu m  d a ta  by r e la t in g  th e  r e l a t iv e  v o la t i l i ty *
to  com position by use  o f an em p irica lly  determ ined power se rie s*  Their 
claim  i s  th a t  t h i s  method e lim in a te s  th e  n e c e ss ity  of knowledge of t o t a l  
p re ssu re  fo r  iso therm al d a ta  o r b o ilin g  p o in ts  fo r  co n stan t p re ssu re  
data* Whatever v i r tu e s  th e  method might possess a re  overshadowed by th e  
f e e t  t h a t  i t  i s  pu rely  em p iric a l, te d io u s , and i t  d ep arts  from th© funda­
mental equ ilib riu m  concepts*
35R edlich and K is te r  In  a  review  o f th© thermodynamics o f  non- 
e le e t r o ly te  s o lu tio n s  developed a method o f a lg eb ra ic  re p re se n ta tio n  o f
28
a c t iv i ty  c o e f f ic ie n t  d a ta  baaed on th e  excess f r e e  energy# PS# o f  
Seat ©hard a s  defined  by Equation (1 7 ) . For one mole o f  mixture# th e
fo llow ing  can be w r i t te n « 
E
—--------  =. j£ . Y] 4~ j?<>q
>? f c T  ' f t  <fZ ,3 o 3  & m
I f  th e  l e f t  a id e  o f Equation (48) i e  termed Q and d i f f e r e n t ia te d  
w ith  re e p e e t to  x^* one ob ta in*
~ n r  =  ^ * ? i r  £4s>)d z f 0 V k
Since accord ing  to  Equation (48) Q equals zero  a t  x equal aero
X
or u n ity
/  <*4 -  I ' - h  (5o ,
The au th o rs  th en  developed s u ita b le  power s e r ie s  o f  mole f ra c t io n s  
o f  th e  more v o la t i l e  component to  re p re se n t th e  d a ta  and s a t i s f y  th e  
fo rego ing  requ irem en ts . An ex tension  o f t h i s  method to  te rn a ry  eye toms 
was p re sen ted .
T h is method perm its  smoothing o f  experim ental d a ta  when c a lc u la te d  
in  th© fo m  log  / 'j '*  sine© in  accordance with E**ufttion (50 ) th e  posi­
t i v e  and neg a tiv e  a rea s  o f a  p lo t  o f  log vereus must be eq u a l.
The power s e r ie s  i s  again  an em pirica l method and a d ig re ss io n  from 
th e  fundamental thermodynamic r e la t io n s  involved*
S. CONCLUSIONS
In  th e  fo regoing  d isc u ss io n  i t  has been shown th a t  th e  methods used 
in  th e  p a s t to  c o r re la te  v a p o r-liq u id  oqu ilib rium  d a ta  have some se rio u s  
l im i ta t io n s  brought about by u n ju s t i f ie d  assum ptions in  development o f  
th e  methods# a p p lic a tio n s  under co n d itio n s  where they a re  not v a lid #  or
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com plete obscuring o f th e  s u b je c t by purely  em pirica l methods which a re  
u s e le s s  w ithout ex ten s iv e  experim ental d a ta .  In  n© ©as© has a b road ly  
a p p lic a b le  method been p resen ted  to  a c c u ra te ly  r e l a t e  th e  v a r ia t io n s  
encountered in  s tu d ie s  o f  non-Ideal l iq u id  so lu tio n s  w ith  p ro p e r tie s  
e a s i ly  determined*
I t  appears to  th e  au thor th a t  i t  would be b e t te r  to  confine th e  
co n s id e ra tio n s  o f  th e  su b je c t to  th e  o r ig in a l  fundamental re la t io n e h ip e  
and use  th e ee  d i r e c t ly  r a th e r  th an  use  th e  numerous em pirica l methods 
p resen ted  which have o v e rs tre ssed  th e  id ea  o f r e fe r r in g  every th ing  to  
th e  id e a l system by use  o f c o rre c tio n  fac to rs*
Th© follow ing equation  i e  proposed fo r  c o r re la t io n  o f  a c t iv i ty  co­
e f f i c i e n t s  and v a p o r-liq u id  equilibrium * The component p a r ts  o f th© 
equation  a re  no t new id e a s* b u t th e  arrangem ent o f th© equation  and th e  
method o f a p p lic a tio n  i s  d i f f e r e n t  and more d i r e c t  th an  th e  method© 
p rev io u sly  p re sen ted .
Equation (9b) can be w r itte n  fo r  each component o f  a  b inary  m ix ture  
a s  fo llo w si
/7
Th© fu g a c it ie e  t ^ 9 f®* f  # and can be evaluated from a knowledge
Of th e  t o t a l  p re ssu re  o f  th e  system* tem perature o f th e  system* and
17
p ro p e r tie s  o f th e  pure components as o u tlin ed  by Hougen and Batson *
The e v a lu a tio n  o f th e se  fu g a c it ie e  Involves th© assum ption th a t  th e  
fu g a c ity  c o e f f ic ie n t  as determ ined from reduced tem perature and p re ssu re
3©
g e n e ra lise d  c h a r t  b  i e  co rrec t*
The fu g a c ity  o f  each component f  9 o r t  * in  so lu tio n  ie  g iven  by
1 2
= n H i
(51)
fz =' ^  TT $£
where
-  th e  fu g a c ity  c o e f f ic ie n t  o f  each component evaluated  from
th e  g en era lized  c h a r ts  o f Hougen and Watson a t  reduced
tem peratures oorreepondlng to  th e  tem perature o f  th©
so lu tio n  and reduced p ressu re  corresponding to  th e  t o t a l
p ressu re*  77".
7T  -  t o t a l  p re ssu re .
y  -  th e  mol© f r a c t io n  o f  each component in  th© vapor which i s
in  eq u ilib riu m  w ith  th e  l iq u id  o f  in te re s t*
By uee o f Equation (7 ) th e  fugacity*  f Q> fo r  ©a eh component a s  a
pu re  l iq u id  a t  th e  tem perature  and p ressu re  o f  th e  so lu tio n  can be
evaluated*  Equation (7 ) ©an be rearranged  to  th e  form
-  V’m ATT-P,)
f,°- fp, e —* r -
Vhtz Or- .
Si -- fp e  ^  <5 }rZ.
where a l l  term s were p rev io u sly  defined* The fu g ac ity  o f  th e  pur©
liq u id  under i t s  own vapor p ressu re  a t  th e  tem perature o f th© system ,
fp* i e  evaluated  by uee o f th© fu g ac ity  c o e f f ic ie n t  a© read  from th e  
g e n e ra lised  ©hart a t  a  reduced tem peratu re  corresponding to  th© tempera** 
tu r e  o f th e  s o lu tio n  and a reduced p re ssu re  corresponding to  th© vapor 
p re ssu re  o f th e  pur© component a t  th a t  tem perature* Then
51
fp , = ^  /?  (55)
S u b s titu tio n  o f a l l  th e se  value® in  Equation (9b) g ives
^  -  ^ r f
‘ ~ ~ z X ,  M
y  _  a/ tFz  TT  ty i .  ____
?  lc 7 ~ F 2  ^  t W S ^ S l
and d iv id in g  yj by Jr^ y ie ld s ^ -  & ^
V n -C r r -P j
TZt
(55)J L =  e
T j. “ . y  M  ~  ~u*,,(jr ^ 3 )
V *- / 'P f "V7T^ £  R T
Taking th© logarithm  o f  both ©ides and grouping l ik e  term s
P ^  _  £*-« H iL ^ - h  + &t\ ~^V +  Uw-JjT- %)_  Mi, (w-R)
^  ^  X, d f?t difri  * **  ** 2-™Rrm
The fo llow ing o b se rv a tio n s  o&n be made about Equation (^6)s
(1 ) Log becomes equal to  Log Yt a t  s  0 , eino© ^  i s
u n ity  a t  th a t  p o in t, and s im ila r ly  Log Y k -- -  L e g i s t  
%x *  1*0.
(2 )  At some va lu e  o f x^, ^  and Log = 0*
(5 )  At th© azeo tro p ic  p o in t » y^ and s  y g, hence
Log y x
~a JZ z 0 a t  th a t  points*  
x y
1 2  x
(4 ) I t  should be noted th a t  * 2 i s  th© r e la t iv e  v o l a t i l i t y ,  C&.
V a
and tb© l im it  o f  Log y^xg as  x^ approaches se ro  l a  o f  th©
* ly2
in d e te rm in a te  form Log 0 .
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?2
According to  L1H o sp ita l1e Rule
r . - * *  % o
0
i f  i t  e x is ts*  
Hence
^  a f e
£  j k  t  _ C J  _  X
y . - o  y , - * o  7 /
malting th e  s u b s t i tu t io n  Xg s  ( l - x ^ )  and yg ** (l~y^)*
By H enry 's Law fo r  d i lu te  so lu tio n s  a t  o r very  near x, a  0*
? / =  * * /
/ o ^ \  / r  
^ < * 2 /  / £ ,  = o
T his value* K* i s  th e  slope o f th e  x-y diagram a t  x^ s  0 . S u b stitu ­
t io n  g iv es
x £ o  A - ~  I f - * * - *  9
g , - + o
A l in e  w ith  a  slope equal to  t h i s  l im it  drawn through -  0 should 
be used  a s  a  guide to  th e  approach o f th e  equ ilib rium  curve to  th e  aero  
p o in t on th e  x-y diagram*
(5 ) According to  th e  development o f R edlieh and K ls te r
i L  =  O
O v fig
(6} A ll th e  term s on th e  r ig h t  s id e  o f th e  equation  except
^ c f
log J 2 &  can be o a leu la ted  from a knowledge o f th e  p ro p e r tie s  o f th e
V a
pure  component coupled w ith knowledge of th e  tem perature and t o t a l  p ressu re  
o f  th e  system*
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AH EQUILIBRIUM STILL FOR PARTIALLY MISOIBLS LIQUIDS
A. RESUME1 OF PREVIOUS DESIGHS
The o b jec t o f  e l l  v a p o r-liq u id  eq u ilib riu m  s t i l l  a I s  to  o b ta in  
fo r  a n a ly s is  s u f f ic ie n t  samples of vapor and l iq u id  which a re  in  
equ ilib rium * Making such de te rm in a tio n s  i e  not easy and to  o b ta in  
r e l i a b le  va lu es  re q u ire s  a  h ig h ly  developed lab o ra to ry  technique* There 
a re  se v e ra l methods fo r  experim en tally  determ ining v a p o r-liq u id  e q u i l ib r ia ,  
b u t th e  most w idely used and g en era lly  most s a tis fa c to ry  method i s  by 
c i r c u la t in g  th e  vapor through a  system and rep ea ted ly  co n tac tin g  i t  w ith 
th e  liq u id *  C irc u la tin g  type  s t i l l s  f a l l  in to  two categories*  (a )  those  
i n  which th e  vapor ie  generated from th© b o il in g  l iq u id  and subsequently 
condensed and re tu rn ed  as l iq u id  to  th© body o f th© b o ilin g  l iq u id ,  or 
(b )  th o se  in  which th e  vapor i s  generated elsew here in  th e  Bystem and 
subsequently  con tacted  in  th e  vapor s ta te  w ith th e  l iq u id ,  th en  r e c i r ­
cu la ted  •
Those s t i l l s  th a t  f a l l  in to  category (a )  a re  b e s t i l l u s t r a t e d  by 
th e  well-known Othmer s t i l l  which i s  shown schem atically  in  Figure 8*
This ty p e  o f r e o ire u la t in g  s t i l l  has two se rio u s  drawbacks in  t h a t  th e  
vapor leav ing  th e  su rface  o f th e  l iq u id  (A) may no t b© in  equ ilib riu m  
w ith  th e  main body of th e  liq u id  in  th e  s t i l l *  Also s ince  th® l iq u id  
being  re tu rn ed  from th e  condensate t ra p  (0 ) i s  d i f f e r e n t  in  com position 
from th e  l iq u id  in  th e  b o i le r ,  I t  might f la sh  due to  i t s  lower b o ilin g  
p o in t  u n le ss  mixing i s  instan taneous*
53
"  8 ta HP A PD TAPPP
Til t  u p  to  DPA/m  TO Co n d p a /S P P  
.___ ! P ~ $ U G H T  S L A N T  PO P  D P A /N  A G P
> ~  ' ^ F 'B p n d  Cl o s p  a s




A  O P P N /N G  /0
->MALL 
V P N T
B o d y -  8 0 0 m l .
k j p l d a h l  Fl a s h -
W it h in  -g in . o f  \ 
P l u g  o f  Co c k  \
■t OP£N!N6.
S t a n d a r d  c o c k  
3 mm.
O TH M E R  S T IL L  
F IG U R E  8
J 0 N E S ' S C , 0 £ B ! « .  C o l b u r n  s t , l l
F IG U R E  9
The s t i l l  o f  Jones, Schoenborn, and Oolburn was on© o f th e  f i r s t  
o f  th e  ty p e  defined  by Category (b)* T his s t i l l  i s  schem atically  shown 
In  f ig u re  9  where a  l iq u id  re p re se n tin g  th e  com position o f  th e  vapor 
floras from th e  condensed vapor re c e iv e r  (A) to  th e  f la s h  v a p o rise r  (B) 
where i t  i s  t o t a l l y  vaporised  befo re  bubbling through th e  l iq u id  in  
chamber (C)* The vapors a re  th en  condensed in  condenser (D) and r e c ir*  
cu lated*  This ty p e  s t i l l  seems to  s a t i s f a c to r i ly  circum vent th e  u n d e s ira b le  
c h a r a c te r is t ic s  o f category (a)#  bu t oar© meet be ex ercised  to  p revent 
su p erheating  o f  th e  vapor bubbling through th e  liqu id*  r© fluxing a f t e r  i t  
leav es  th e  liqu id*  and entrainm ent o f th e  liq u id  with th e  vapor passing  
through*
There ©r© two major d i f f i c u l t i e s  encountered in  s tu d ie s  of p a r t ia l ly  
a i s c ib le  systems in  a d d itio n  to  th o se  u su a lly  in h eren t in  equ ilib rium  
s t i l l s *  The f i r s t  i s  th a t  th e  vapor from any but th e  most d i lu te  samples 
w ill*  on condensing, form an Im m iscible mixture* T herefore th e  re c irc u ­
la t io n  ty p e  o f apparatus has not been used in  th e  p as t fo r im m iscible 
m ixtures* s in ce  th e  condensate on sep ara tin g  in to  two la y e rs  cannot be 
re tu rn ed  to  th e  s t i l l  w ith th e  two liq u id  layer© in  proper proportion* 
tftille a s t i r r e r  might be u t i l i s e d  th e re  may b© some q u estio n  w ith th e  
u su a l ty p es  o f s t i r r e r s  as to  whether or n o t mixing was thorough enough 
t o  cause th e  heterogeneous m ixture to  a c t  litre  a homogeneous phase*
T ests  conducted by t h i s  in v e s tig a to r  under circum stances very s im ila r  
to  th o se  encountered in  eq u ilib riu m  s t i l l s ,  showed th a t  th© two phases 
could no t be s a t i s f a c to r i l y  c irc u la te d  a f t e r  ©ven th® most thorough 
a g i ta t io n  w ith  lab o ra to ry  ty p e  s t i r r e r s *
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4?Stockh&rdt and Hull e lim in a ted  r e c i r c u la t io n  m erely by d i s t i l l i n g  
off* sm all q u a n t i t ie s  from a  la rg e  q u an tity  ©f a  m ixture o f  known com­
p o s it io n  a f t e r  f i r s t  re f lu x in g  in  a t i l t i n g  condenser arrangem ent, but 
t h i s  method invo lves s l ig h t  e r ro r s  caused by d i f f e r e n t i a l  condenser hold­
up* and in  a d d it io n  encounters th e  second major d i f f i c u l ty  d iscussed  below*
The second u n d e s ira b le  c h a r a c te r is t ic  o ffe red  by th e se  p a r t ia l ly  
m iec ib le  systems l i e s  in  th e  g re a t  d iffe re n c e  In  com position between th© 
v&per and l iq u id  in  th e  m iecib le  reg io n  and th e  sm all co n cen tra tio n s  o f  
th e  d i l u t e  component in  th e  liq u id *  For example in  th e  a isc ib l©  reg io n  
©f n -b u tan o l in  water* F igure 16* which extends to  about two mole percen t 
n—butanol* th© vapor i s  from f i f t e e n  to  t h i r t y  tim es a s  r ic h  in  n-Butanol 
a s  th e  liq u id *  Therefore* I f  an equ ilib rium  study i s  undertaken  where a 
l iq u id  sample i s  d is t i l le d *  i t s  com position w ith  re sp e c t to  th e  d i lu t e  
component w il l  change very ra p id ly  and a r r iv a l  a t  th e  d es ired  steady s ta te
co n d itio n s  In th e  s t i l l  i s  v i r tu a l ly  im possible*
44Th© s t i l l  proposed by Smith and Bonner w ith minor v a r ia t io n s  ouch 
a s  a  magnetic a g ita to r*  and fix ed  sample ta k e -o f f  dev ice  seems e s s e n t ia l ly  
th e  same in  p r in c ip le  as th a t  o f S tookhardt and Bull and w ith th e  same 
in h e re n t e rro rs*  They found th e  vapor evolved from th e  b o ilin g  liq u id  
t o  be app reciab ly  superheated* so th e  b o ilin g  p o in ts  rep o rted  were taken  
on an ebu lllom ater independent o f th e  v a p o r-liq u id  equ ilib rium  d©tormina­
tio n s*
7Oolburn* Schoenborn* and S h illin g  proposed a s t i l l  where vapor was 
generated  from se p a ra te  b o i le r s  o f  pur© components and mixed in  th e  vapor 
s t a t e  to  form a m ixture o f  th® d es ired  composition* Th© amount© o f  vapor 
generated  from each b o ile r  was c o n tro lled  by th e  h ea t in p u t to  each*
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T his Taper was babbled through th e  l iq u id  which changed to  th© eq u ilib riu m  
com position* The vapor was condensed on leav ing  and analysed* This s t i l l  
s e t-u p  i s  n o t advantageous re g a rd le s s  o f  th e  accuracy o f  th e  r e s u l t s  
o b ta ined  because o f th e  la rg e  consumption o f reag en ts  which a re  ve iy  
d i f f i c u l t  and expensive to  o b ta in  In  any q u an tity  in  a  s u f f ic ie n t ly  pure  
s t a t e  fo r  v a p o r-liq u id  eq u ilib riu m  measurements*
K o raan ^  p resen ted  a  m o d ifica tio n  of t h i s  design  whereby two stream s 
o f  so lu tio n  were mixed in  any predeterm ined r a t io  and to t a l l y  vaporised  
g iv in g  a  vapor o f a c e r ta in  co n cen tra tio n  depending on th e  ra ti©  in  which 
th e  two so lu tio n s  were charged* A® in  th e  s t i l l  o f  Colburn* Schoenborn* 
and S h il l in g  th e  vapor was bubbled through th e  liq u id  and subsequently  
condensed* Thie has th e  d isadvantage o f being a  batch  o p era tio n  where 
th e  l iq u id  has only a lim ited  tim e in  which to  come to  equilibrium * How­
ever* i t  has th e  advantage o f  no t re q u ir in g  g re a t  q u a n t i t ie s  o f  pure 
reag en ts  as  th e  r e s u l t in g  condensed vapor even i f  i t  1® p a r t ia l ly  miacibl© 
can be reused a s  feed so lu tio n *
The s t i l l  o f  Colburn* Schoenborn, and S h illin g  ae well as th a t  o f  
Norman had a very  good therm al in su la tio n  fea tu re*  They u t i l i s e d  a  jack e t 
surrounding th e  l iq u id  eq u ilib riu m  chamber through which th e  vapor feed 
must pass b efo re  en te r in g  th e  l iq u id  chamber* Thie g ives autom atic 
In s u la tio n  a t  approxim ately th© c o r re c t  tem perature s in ce  any h e a t lo s s  
w il l  merely condense some o f th e  vapor which i s  e a s ily  removed or r e ­
vaporised*  This a lso  p rev en ts  ap p rec iab le  superheating  o f th e  vapors 
e n te r in g  th e  l iq u id  chamber*
B* DESIGN OF THE NEW TYPE OF STILL 
Since a l l  th© © t i l l s  p rev io u sly  proposed fo r  d e te rm in a tio n  o f 
v ap o r* liq u id  eq u ilib riu m  d a ta  o f  p a r t i a l ly  raiscibl® systems have c e r ta in  
l im i ta t io n s  and d isadvan tages ae p rev io u sly  mentioned as w ell a© n o t 
being  o f  a  s u i ta b le  design  to  perm it work a t  p re ssu re s  g re a te r  th an  
s l ig h t ly  above atmospheric* i t  was thought to  be o f con sid e rab le  
im portance to  improve on th e se  design©* Th© n a tu re  o f t h i s  in v o s tig a— 
t io n  was such th a t  a s t i l l  capable o f o p era tin g  a t  p ressu re*  considerab ly  
above atm ospheric was d e s ired  so th a t  a wide range o f tem peratu res could 
be included in  th e  in v es tig a tio n *
Griswold* Andre©, and K lo in ^  p resen ted  a high p re ssu re  r e c i r c u la ­
t i o n  ty p e  s t i l l  fo r  miseibl© m ixtures whereby the  p ressu re  in  th© s t i l l  
was c o n tro lle d  by th e  r a t e  o f h ea t in p u t and th e  rat© o f  coo lan t c irc u ­
la t io n  in  th e  condensere* Thie new s t i l l  resemble© th e i r  design  only 
In  t h a t  th© m a te r ia ls  o f  c o n s tru c tio n  a re  th© same* i t  i s  a r e c irc u la ­
t io n  ty p e  s t i l l *  and th© r a te  o f coo lan t c i r c u la t io n  to  th® condenser 
i s  Intended to  c o n tro l th e  p ressu re  w ith in  th© s t i l l *
F igure 10 i s  a d e ta ile d  drawing of th e  new design* and Figure® 11 
and 12 show th© e x te rn a l appearance o f th© o r ig in a l declgn* The most 
im portan t d if fe re n c e a  in  t h i s  s t i l l  and any s t i l l  proposed th u s  f a r  are*
(1 )  I t  i s  a r e c i r c u la t io n  s t i l l  o f  th e  type  described  under category (b)* 
u t i l i z i n g  a c e n tr ifu g a l pump w ith  a la rg e  by-pae® l in e  a© an a g ita t io n  
chamber and as  a  condensed vapor re c e iv e r  which should give complete 
mixing* (2 ) I t  combines th e  good fe a tu re s  of th© Oolburn* Schoenborn* 
and S h il l in g  type and Norman ty p e  s t i l l s  w ith th© very Important advantages 
o f  continuous o p e ra tio n  over any period o f time desired with uso of a
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d e f in i t e  sm all q u a n tity  o f re a g e n tb»
The condensed vapor re c e iv e r  (A) i s  a bronze c e n tr ifu g a l pump 
w ith  exp losion  p ro o f motor manufactured by th e  E astern  C en trifu g a l Pump 
Company* T h is  p a r t ic u la r  pump id  equipped w ith a packing gland sp e c ia lly  
designed by th e  pump m anufacturer to  perm it pumping o f  alcohols*  The 
m a te r ia ls  handled du ring  t h i s  in v e s t ig a t io n  a re  p rim arily  a lco h o ls  end 
w a te r, th e  only excep tion  being n-hsxanc* A mechanical sea l was used a t  
f i r s t ,  b u t f a i le d  due to  lack  o f  s u f f ic ie n t  liq u id  head to  keep th© sea l 
lu b r ic a te d  and cooled* A r e la t iv e ly  la rg e  fey-paes l in e  {B) i s  used on 
th e  pump to  perm it continuous c i r c u la t io n  and a g i ta t io n  o f th e  condensed 
heterogeneous vapor w hile th© d es ired  q u an tity  i s  withdrawn and fed to  
th e  t o t a l  v ap o riz e r  (D) through th e  need le  va lv e  (0)« This needle v&iv© 
c o n s t i tu te s  a major c o n tro l dev ice  during th e  o p era tio n  o f th© s t i l l *
The v ap o rize r I s  constru c ted  o f th re e -e ig h th s  inch standard pip© 
and f i t t i n g s  w ith  a  s e c t io n  o f twenty gauge th re e -e ig h th s  inch copper 
tu b in g  forming & co n cen tric  c y lin d e r  in s id e  th u s  fo rc in g  th© incoming 
l iq u id  downward around th e  ho t w a ll, where i t  Is  vaporized* The vapor 
r i s e s  through th e  cen te r of th© tub in g  where th e  nichrom© s p ir a l  p ick s  
up superheat from th e  vapor and t r a n s f e r s  i t  back to  th e  cold en te rin g  
l iq u id  through th e  tub ing  wall* The h ea t i s  fu rn ished  by re s is ta n c e  
rib b o n  e x te rn a lly  wound through which a co n tro lled  c u rre n t i s  passed*
The c u rre n t i s  co n tro lle d  w ith a MV ariac tt c o n tro lle r*  As th e  vapor 
leav es  th e  v a p o rize r  i t s  tem perature Is  measured by thermocouple (ft) 
b e fo re  passing through th e  a d ia b a tic  ja c k e t fe a tu re  (F) to  en te r  th© 
l iq u id  chamber (H) by bubbling in  through tube (3 ) .
Ae th e  vapor bubble© through th e  l iq u id  th e re  i s  m a te rie l t r a n s f e r  
u n t i l  suoh tim e ae th e  liq u id  and vapor com positions have come to  th e  
eq u ilib riu m  values*  The tem perature o f th e  eq u ilib riu m  vapor leav ing  
th e  l iq u id  i s  measured by th e  thermocouple ( I )  b e fo re  passing  to  th e  
condenser s e c tio n  ( J }* Both therm ocouple (ifi) and ( i )  a re  s p e c ia lly  
c a l ib ra te d  copper-constan tan  couples connected by a double pole* double 
throw  sw itch to  common lead s  which sire connected to  a Leeds and N orihrup, 
Typo *K* po ten tiom eter capable of determ ining v o ltag es  to  0*00001 v o lts*  
Both co ld  ju n c tio n s  were immersed in  a  m elting  ic e  bath  as  a  re fe re n c e  
point*
The condensed vapor th en  passes back to  th e  condensed vapor rece iv er*  
Th© s ig h t  g la s s  (K) i s  provided to  observe th e  o p era tio n  o f  th e  s t i l l *  
Daring th e  atm ospheric p ressu re  runs th e  s t i l l  was vented through a  con­
denser connected to  th e  Y above th© s ig h t g la ss  as shown in  F igure 10*
The v e n t condenser was used to  prevent vapor lo sse s  from th© s t i l l *
During p ressu re  rune a  p ressu re  gauge and v en t rep laced  th e  condenser a© 
seen  in  F igure 15*
T his p a r t ic u la r  model was conetruotod of standard  p ipe sis® , schedule 
40 i ro n  p ipe and f i t t i n g s  wherever possib le*  Copper tub ing  and fe rru le d  
f i t t in g ®  found a p p lic a tio n  in  th e  feed tub© from th e  needle va lve  to  th© 
v a p o r is e r ,  therm ocouple w e lls , in s id e  tub© o f th® v a p o r ise r , and i n l e t  to  
th e  liq u id  chamber* Th© s ig h t g laee  i s  f iv e -e ig h ts  inch b o ile r  gauge 
g la s s  mounted in  sp e c ia l flange© a© shown in  detail©  BAP and pBn in  
F igure 10*
C orrosion  p resen ted  some problem, bu t t h i s  fa c to r  could bo elim inated  
by proper choice o f  m etals of c o n s tru c tio n  depending on th e  typ© o f system
*5
to  be stud ied*  S ta in le s s  s te e l  would probably be s a t i s f a c to ry  fo r  
most systems* A cheaper c o n s tru c tio n  w ith  a  s i lv e r  p la ted  i n te r io r  
might a ls o  be expected to  be s a tis fa c to ry *
Any n o n v o la ti le  m a te r ia l t h a t  might have been l e f t  in  th e  vapor 
re c e iv e r  had a tendency to  be dep o sited  in  th e  v ap o rize r by th e  pump 
and was tak en  o u t o f e i th e r  o f th e  samples to  be analysed* This per­
m itted  s u f f ic ie n t ly  good an&lyaea to  g e t r e l i a b le  d a ta  on th e  systems 
stud ied*
Assembly ©f th e  eq u ilib riu m  chamber body i s  p o ss ib le  by a  f la n g e  
assembly welded to  th e  o u te r  ja c k e t and machined so as to  form a  smooth 
p re s su re  and leak  t i g h t  jo in t  w ith  a  s u i ta b le  so lv en t r e s i s ta n t  gasket* 
The f la n g e s  a re  jo ined  by e ig h t th re e -e ig h th s  inch  eap screws* The 
in n e r eq u ilib riu m  chamber i s  e a s i ly  in se r te d  by screwing in to  th e  cap 
a t  th e  to p  o f th e  vapor jacket*  Thermowell ( I )  i s  e a s ily  removed fo r  
charging  or sampling*
T his c o n s tru c tio n  i s  o f a sim ple and rugged n a tu re  which i s  a
4
d i s t i n c t ly  d e s ir a b le  c h a r a c te r is t ic  fo r  equ ilib rium  s t i l l s  s in ce  most 
a re  o f  some i n t r i c a t e  g la ss  design  and must be prepared by an experienced 
g la s s  blower* Since th e  m a te r ia l used i s  metal th e  u su a l problem o f 
breakage i s  n o t a  major one*
0* OPERATING PROCEDURE A I® CHARACTERISTICS 
The o p era tin g  procedure and c h a r a c te r is t ic s  are  Included s in ce  th e  
development o f th e  s t i l l  wee no t considered comp lot© u n t i l  i t  was shown 
th a t  i t s  m echanical o p era tio n  was s a tis fa c to ry  and th a t  i t  would g ive 
r e l i a b le  d a ta  on both a ie c ib le  and im m iscible liq u id  systems*
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To so t th e  s t i l l  in  o p e ra tio n  fo r  th e  rune a t  atm ospheric p re ssu re  
a  sample o f  th e  m ix ture  to  he s tud ied  was charged to  th e  condensed vapor 
re c e iv e r  in  a  q u a n tity  s u f f ic ie n t  to  b rin g  th e  le v e l in to  th e  e ig h t 
g la s s  w ith  th e  n eed le  va lv e  closed  and th e  pimp running* S im ila rly  a  
s u i ta b le  sample was charged to  th e  l iq u id  chamber by removing th e  thermo­
w ell ( l ) #  C urren t was th en  ap p lied  to  th e  v ap o rise r  u n t i l  i t  became suf­
f i c i e n t l y  ho t to  v ap o rise  any feed from th e  condensed vapor rece iv er*
The co o lan t flow  was s ta r te d  t o  th e  condenser se c tio n  and th e  need le  
v a lv e  opened en© q u a r te r  to  one h a l f  tu rn  and subsequently  ad ju sted  to  
ho ld  th e  le v e l in  th e  vapor re c e iv e r  approxim ately constant*  This lev e l 
w i l l  change s l ig h t ly  u n t i l  such tim e a s  equ ilib riu m  i s  a tta in ed *  and th e re  
i s  n o t fu r th e r  m a te ria l t r a n s f e r  a s  th e  vapor passes through th e  liq u id  
sample*
The tem peratu res a t  p o in ts  E and I  were cheeked and th e  c u rre n t to  
th e  h e a te r  re g u la te d  so th a t  th e  tem perature  a t  p o in t E was never h igher 
th a n  a t  p o in t I* b u t so t h a t  a l l  m a te ria l en te rin g  was s t i l l  com pletely 
vaporized  a s  in d ica ted  by a co n s tan t le v e l in  th e  condensed vapor re ­
ce iv er*  Once th e s e  sim ple adjustm ents were made th e  s t i l l  was allowed to  
e p e ra te  u n t i l  constancy o f th e  tem perature a t  p o in t X In d ica ted  th e re  was 
no fu r th e r  ohange in  com position o f th© m ixture in  th e  equ ilib rium  chamber* 
An a d d itio n a l period o f o p e ra tio n  was allowed to  be su re  eq u ilib riu m  was 
reached* At t h i s  tim e th e  tem peratu res were read and recorded and th e  
samples were withdrawn fo r  an a ly s is*  I f  th e  o p era tio n  was on p a r t ia l ly  
m iso lb le  l iq u id s  and in  th e  range o f co n cen tra tio n  where th© liq u id  sepa­
ra te d  in to  two phases i t  was necessary  to  analyze only th e  vapor sample 
s in c e  th e  vapor corresponding to  any two phase liq u id  sample should be th© 
same*
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Fop th e  ru n t  above atm ospheric p re ssu re  i t  wae found necessary  to  
modify th e  ap p ara tu s s l ig h t ly  a s  shown in  F igures 15 and 14 by in s e r t in g  
a  o n e-q u arte r  inch  g a te  v a lv e  (L) ju s t  a f t e r  th e  l iq u id  chamber in  th® 
vapor l in e  so t h a t  th e  two samples oould be is o la te d  a f t e r  a  ru n . This 
wae n e c e s s ita te d  when th e  l iq u id  sample was found to  f la s h  in to  th e  con­
densed vapor re c e iv e r  on re d u c tio n  o f  th e  p re ssu re  p rev ious to  withdrawing 
th e  samples a t  th e  end o f  th e  run* This v a lv e  was added a t  th e  expense 
o f  th e  condenser s e c tio n  which was much la rg e r  than  necessary  In  th e  
o r ig in a l  d e s ig n . As a  r e s u l t  o f  t h i s  change i t  was necessary  to  in c re a se  
th e  len g th  o f  th e  s ig h t  g lass*  The s u b s t i tu t io n  of th e  p re ssu re  gauge 
and v e n t fo r  th e  condenser a t  th e  v en t p o in t fo r  th e  atm ospheric work had 
been a n tic ip a ted *
I t  was a lso  found necessary  to  oool th e  co n ten ts  o f  th e  pump a  s l ig h t  
degree to  e lim in a te  vapor lock ing  a t  th e  pump in ta k e . This was done by 
th e  crude b u t e f f e c t iv e  method o f wrapping a  tow el wet w ith cold w ater 
around th e  by-pass l in e  and pump In tak e  lin e*
O peration  wae begun ex ac tly  as  fo r  atm ospheric o p e ra tio n  w ith th e  
v en t open. When th e  s t i l l  was o p era tin g  s a t i s f a c to r i ly  under atm ospheric 
p re ssu re  th e  condenser co o lan t was stopped. In  t h i s  manner th e  s t i l l  was 
f i l l e d  w ith vapor fo rc in g  th e  a i r  ou t through th e  v e n t. When vapor had 
escaped fo r  a  s h o r t w hile th e  ven t was closed and th e  p ressu re  allowed to  
b u ild  up to  th e  d es ired  va lu e  by proper adjustm ent of th e  cu rre n t inpu t 
to  th e  v ap o rize r and r a t e  o f  c i r c u la t io n  from th e  condensed vapor re ­
c e iv e r .  When th e  p ressu re  reached th e  d es ired  value th© coo lan t was 
ag ain  e ta r te d  and th e  r a te  o f c i r c u la t io n  ad justed  to  maintain th is  value. 
The rat©  o f condensation of th© vapore f i l l i n g  the  s t i l l  con tro lled  th©
FROHT VIEW OF MODIFIED STILL 
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p re ssu re  w ith in  th e  s t i l l *  This method o f  p ressu re  co n tro l i s  advantageoue 
ever p re s s u r is in g  w ith  an i n e r t  gas s in ce  th e  p ressu re-tem p era tu re  r e la ­
t io n s  e r e  more l ik e ly  to  be c o r re c t  and th© s o lu b i l i ty  o f  in e r t  gas in ­
c re a se s  w ith  in creased  pressure*
The co o lan t was w ater m aintained a t  a tem perature © lightly  lower then  
room tem p era tu re  by a r e f r ig e ra t in g  type co n s tan t tem perature  bath* The 
w ater was pumped by a c e n tr ifu g a l pump g iv ing  oonetant flow and regu la­
t io n  o f  th e  flow wae by a sorew clamp choke on th e  l in e  to  th e  condenser* 
The c r i t e r i a  fo r  eq u ilib riu m  were th e  same as  fo r  th© atm ospheric 
run* a t  which tim e th e  need le  va lv e  (0 ) and th e  ga te  va lv e  (b ) were 
sim ultaneously  closed  and th e  power to  th e  v ap o rize r removed* This a c tio n  
is o la te d  th e  two samples* When they  had cooled s u f f ic ie n t ly  to  reduce th e  
pressure*  th e  samples were removed as  befo re  fo r an a ly sis*
D. PROOF OF THE EQUILIBRIUM STILL 
Although th e  s t i l l  was s p e c if ic a l ly  designed to  handle p a r t ia l ly  
m iee ib le  ©yet©me i t  should work equally  as  well on miseibl© systeme* To 
t e s t  th e  performance of th e  s t i l l *  th e  m iseibl©  system Ethanol—Water was 
chosen as  r e p re s e n ta tiv e  w ith r e s u l t s  o f  many in v e s tig a tio n s  being a v a il­
a b le  in  th e  l i te r a tu r e *  The most re c e n t o f  th e se  i s  th a t  o f R ieder and 
Thompson whose d a ta  a t  atm ospheric p re ssu re  check w ith th a t  p rev iously  
determ ined* They p re sen t smoothed v a lu es based on th e i r  own data* These 
v a lu e s  a re  rep resen ted  by th e  so lid  l in e  o f F igure 15 fo r  comparison w ith 
th e  experim ental p o in ts  obtained  on th e  s t i l l  being te s ted *  By re fe ren c e  
to  F igure 15 and Table I  i t  can be re a d ily  seen th e  agreement i© good 
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EXPERIMENTAL DATA CM STHTL ALCOHOL*WATER AT ATMOSPHERIC PRESSURE
Mole P e rc e n t Ethanol
Tem perature { 0 0 * ) L iquid Vapor
97 .7 0 .6 0 10 .5
94 .5 2 .2 6 22.1
87*0 9 .5 44.0
8 1 .8 2 8 .5 5 8 .5
8 1 .5 52 .0 59.5
8 1 .0 55*o 6 0 .7
76 .4 79 .0 8 1 .5
Th* n*Butyl Alcohol*Water system# which has been th© su b jec t o f
47in v e s t ig a t io n  by S tockhardt and B il l  1 and more re c e n tly  by Smith and
44Benner » was chosen a s  being r e p re s e n ta tiv e  o f th e  p a r t ia l ly  misoibl® 
systems* T heir d a ta  a re  shown in  F igure 16 and Tables I I I  and I?  and 
compared w ith  th e  d a ta  from th e  new s t i l l  a s  shown in  Table 11 and 
F ig u res 16# 17* and 18. As oan be seen* th e  agreement i s  very  good 
th roughou t th e  reg io n  fo r  which th e  appara tus was designed—th a t  reg io n  
where th e  vapor and liq u id  sep a ra te  in to  two phases*
The d e v ia tio n s  noted in  th© range o f high co n cen tra tio n  o f n* 
Butanol w ill  be exp lained  l a t e r  by a  s t a t i s t i c a l  analysis#  and i t  i s  
f irm ly  b e lieved  t h i s  d e v ia tio n  i s  no t a t t r ib u ta b le  to  th e  equ ilib rium  
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TABLE I I  
1
EXPERIMENTAL DATA OK n-BUTANOL -—WATER AT ATMOSPHERIC PRESSURE
Temp* itel«  P sro*nt
1
n-B utanol
( •  .9 .) L lauid Vapor J G -
Log , r * L O g , C 2
98 .0 0.59 15*2 45.70 1.6599 0.925 — —
92.6 1.91 24.75 54.55 1.5557 1.007 0.0050
92 .5 16.05 24.4 5.845 0.5849 1.184 0.0754
92 .7 25*5 25.1 2.540 0.4046 1.552 0.1245
92.6* 26.56 24.92 2.585 0.5775 1.556 0.1258
92. 6 * 29.10 24.7 2.148 0.5520 1.595 0.1446
92 .6 48.80 24.75 1.544 0.1284 I .950 0.2856
95 .2 55*7 26 .8 1.228 0.0892 2.020 0.5054
96 .9 75 .0 57.5 1.100 O.o4l4 2.582 0.4120
96.9 76 .0 41.9 1.079 0.0550 2.752 O.4597
101.2 61.2 45.7 1.089 O.057O 2.775 0.4455
105.1 84.0 47.2 1.019 0.0082 2.921 0.4655
106.5 86 .5 55 .9 1.065 0.0275 2.695 0.4506
107.4 88.5 61 .5 1.054 0.0141 2.585 0.4121
107.8 89 .2 60 .9 1.011 0.0048 2.695 0.4506
111.9* 95-7 8O.5 1.097 0.0402 2.086 0.5195
I I 5. 5* 95*1 85 .4 1.091 0.0578 1.905 0.2799
114.2 96 .6 6 5 .5 1.009 0.0059 2.674 0.4272
116.6 96.1 95*5 0.996 ------- 1 .975 0.2951
1—Component 1
*— Theee v a lu es  read  from a p lo t  o f th e  o th e r valuee*
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TABLE I I I
BATA OF STOCKHARDT AND IIULL^ 7  ON n-BUTAKOL1— WATER AT
kfmmmRio pressure
Temp* Mole P e rcen t n-~ButanoI
a
t o - ) L iquid Vapojr S . .
Log If^ flz. Log f s
96*4 0.20 4.90 51.0 1.7076 1.000 0
96*8 0 .6 0 11.60 45.2 1.6555 1.000 0
95*7 1.20 19.20 40.5 1.6075 1.029 0.0124
9 5 .0 2 .00 24.40 52.0 I .5052 0.995 *■■■“
92 .8 42.50 25.0 1.564 0.1942 1.705 0.2517
92 .9 44 .8 25.0 1.476 0.1691 1.784 0.2514
95 .5 50 .4 26 .4 1.545 0.1281 1.880 0.2742
9 6 .5 69 .5 55*8 1.120 0.0492 2.475 0.3956
96 .7 70.8 54.5 1.088 O.0566 2.545 0.4057
97 .9 74 .5 57.1 1.067 0.0282 2.650 0.4300
108.8 95*0 64 .8 I .015 O.OO56 5.700 0.5682
109.6 94 .5 67.7 I .005 0.0015 4.250 0.6284
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DATA OF SMITH ABD BONN SIR CM n-BUTABOL — WATER 
AT ATMOSPHERIC PRESSORS
Teanp. Hole F eroen t a-B utanol
• * i Liquid Vapor
u o .9 5 95*0 7 4 .7
106.85 9 0 .8 6 1 .2
io 6 .4 o 9 0 .5 5 ? .S
100 .85 81.9 4 4 .4
9 6 .6 5 70 .9 34.0
9 6 .& 69.7 3 3 .4
94.00 58*5 27*6
95*02 4 5 .4 25 .O
95*00 45.0 24.7
92.70 24.8 24 .6
92*70 9 .9 24 .6
92.70 9*8 24.6
9 2 .8 0 2 .0 24.0
92.85 1.9 25*7
95*40 0 .9 16.1
95.80 0 .6 1 5 .0
- X K . f c
Log
1*020 0.0086 5.494 0.5455
1 .028 0 .0120 5*552 0.5255
1 .0 2 8 0*0120 5.54S 0.5240
1 .052 0.0220 5*010 0.4786
1.108 0.0449 2*5$5 0.4125
1.121 0.0496 2-555 o.4o4o
1 .222 0.0871 2.179 0 .5 5 8 5
1.462 0 .1706 1.789 0 .2526
1.476 0.1691 1.785 0*2512
2 .7 0 8 0.4326 1.521 0*1209
6 .7 8 3 0.6514 1 .105 0.0426
6 .8 5 2 O.8398 1.102 0.0422
52.640 1.5157 1.019 0.0082
33.810 1.9291 1.020 0.0086
43.560 1.6391 1.010 0*0045
44.820 1.6513 1 .007 0.0050
1—'Component X*
61
Th© r e s u l t s  o f  a thermodynamle co n sis ten cy  t e s t  on th e  d a ta  o f  
Stookhardt and H ull (Table I I I )  by g rap h ica l In te g ra tio n  o f Equation 
(15) o f  Chapter I I  a re  shown in  Figure 19 where th e  e i r e le e  show what 
hog ^ .should  be in  order to  be thermodynamically c o n s is te n t w ith Log 
This t e s t  shows th e ir  d a ta  to  be in o o n s is te n t and th e re fo re  in c o r re c t .
S im ila r t e s t s  were c a r r ie d  o u t on th e  d a ta  o f  Smith end Bonner 
(T ab le  IT) w ith  r e s u l t s  a s  shown in  F igure 20. T heir d a ta  a re  s a t i s ­
fa c to ry  up to  approxim ately 60 mole p e rcen t n-Butanol where d e v ia tio n  
b e g in s . T h e ir e q u ilib riu m  s t i l l  i s  b e lieved  to  be th e  source o f  t h e i r  
d e v ia tio n  s in ce  th ey  analyzed fo r  w ater co n ten t by K arl F ischer reagent* 
a  very p re c is e  and a c cu ra te  method*
F igure 16 and Table I I  show th e  r e s u l t s  o f  s im ila r  t e s t s  on th e  
d a ta  ob ta ined  on th e  new s t i l l *  Again th e  d a ta  e re  s a t is fa c to ry  up to  
approxim ately  60 mole p e rcen t n—Butanol, where d e v ia tio n  i s  noted* This 
d e v ia tio n  can be a t t r ib u te d  to  th e  a n a ly t ic a l  method which was by d en s ity  
measurement in  th e  m isc lb le  range (46*3 to  100 mole percen t)*
A s t a t i s t i c a l  a n a ly s is  was performed on t h i s  a n a ly t ic a l  method under 
optimum c o n d itio n s . The t e s t s  were o f such a  n a tu re  a s  to  g ive th e  maxi­
mum p re c is io n  o b ta in a b le  w ith  th e  e x is t in g  equipment# tak in g  in to  con­
sid era tio n  th e  p re p a ra tio n  of so lu tions#  measuring t h e i r  d en s itie s#  
read in g  th e  com positions from a p lo t  o f d en s ity  v e rsu s  composition# and 
any o th e r  hidden f a c to r s  involved* T his s t a t i s t i c a l  a n a ly s is  showed th a t  
w ith a l l  o th e r  f a c to r s  being equal any a n a ly s is  could be d u p lica ted  w ith in  
0*52 mole p ercen t 6 j  p e rcen t o f  th e  time# w ith in  0*655 mol© p ercen t 95 
p e rcen t o f  th e  tim e , and w ith in  0*96 mole percen t 99*1 p e rcen t o f th e  tlm o. 
On th e  x-y diagram  where each in d iv id u a l p o in t i s  th e  r e s u l t  o f two such
6 2
analyses*  each o f th *  above f ig u re s  should be m u ltip lie d  by th© square 
ro o t o f  two to  g e t th e  a llow ab le  l im it  fo r  ©aoh c ase .
These p ra o ia io n  l im it  a to g e th e r  w ith  an assumed t  0*1® 0# tempera­
tu r e  v a r ia t io n  were transform ed in to  th e  corresponding l im its  o f  th e  
a c t iv i ty  c o e f f ic ie n ts  and th© r e s u l t in g  confidence l im i ts  fo r  Log 
v e rsu s  com position e re  shown by th e  dashed l in e s  in  F igure 18* These 
confidence l im i ts  show th a t  a l l  th e  d e v ia tio n  o f  th e  a c t iv i ty  c o e f f ic ie n t  
curves from t h a t  expected could have been caused by th e  a n a ly t ic a l  method 
used* I t  I s  concluded therefo r©  th a t  th e  equ ilib riu m  s t i l l  o p e ra tes  
s a t i s f a c t o r i l y ,  and th a t  no major p o rtio n  o f th e  v a r ia t io n  observed i s  
due to  th e  f a i l u r e  o f  th e  s t i l l  to  o p era te  properly* I t  should be noted 
th a t  a lthough  th e  d a ta  g ive a  smooth curve when p lo tte d  on th e  x»y 
diagram , th© a c t iv i ty  c o e f f ic ie n t  p lo ts  may become very  e r r a t i c  over 
th e  earns range*
The Ethyl A ceta te—Water Syetem was s tu d ied  b r ie f ly *  b u t due to  
c o rro s io n  o f  th e  s t i l l  only th e  in m ise ib le  range was completed* This 
d a ta  i s  shown in  T able 7 and F igure 21 and compared w ith  th e  v a lu es
55p red ic ted  by Winsauer from s o lu b i l i ty  d a ta  w ith  th e  Van Laar equations* 
The samples were analyzed by sep a ra tin g  and weighing th e  phases a t  a 
co n sta n t tem perature*
TABLE V
EXPERIMENTAL DATA ON ETHYL AOSTATE-WATER AT 760 am* PRESSURE
Mole P ercen t E thyl A cetate 
Temperature ( °  0») Liquid Vapor
71 .5  1*56 75»o
71 .5  77.40 73.0
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The re a g e n ts  ueed in  a l l  t e e ie  were o f  a n a ly t ic a l  reag en t grade 
r e d i s t i l l e d  In  a  fo u r fo o t la b o ra to ry  column packed w ith s ta in le s s  
s te e l  h e l ic e s .  The m iddle f r a c t io n s  d i s t i l l i n g  a t  th e  c o rre c t tempera­
tu r e  were tak en  a s  th© pure  m a te r ia l in  most cases* bu t in  some cases 
were r e d i s t i l l e d  to  g iv e  p h y s ica l p ro p e rtie s  commensurate w ith l i t e r a ­
tu r e  v a lu e s .  The w ater came from th e  lab o ra to ry  d i s t i l l e d  w ater supply* 
T able YI i s  a  ta b u la t io n  o f  th e  physica l p ro p e r tie s  o f th e  reag en ts
u se d .
TABLE VI 
PHYSICAL PROPERTIES OF REAGEKTS
Rgagyrt P resen t L ite ra tu re P resen t L ite ra tu re
Water 1*5525 1.55252 Standard 0.99707
E thyl Alcohol l . » 9 4 1.55912 0 . 76k96 O.765IO
Ethyl A ceta te 1.3700 1.5701 0.8947 0.8950
n-B uty l Alcohol 1.397* 1.5975 0 .3053 0.80525
A ll p lo ts  o f th e  p h y sica l p ro p e rtie s  verm is com position used fo r  
a n a ly s is  were made up from d a ta  on th e  a c tu a l  m a te r ia ls  used r a th e r  
th an  th e  l i t e r a t u r e  values*
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F . CONCLUSION
I t  h as  bean  ©hown t h a t  th i©  net# equilibrium  © till w ill give re l ia b le  
value© f o r  v a p o r - l iq u id  e q u il ib r ia  and in  add ition  possesses th© very 
im p o rta n t c h a r a c te r 1 s t ic e  of co n tin u o u s operation  on a d e f in ite  ©mall 
q u a n ti ty  o f  reagen t©  in  th e  m ieo ib lo  o r  im m isc ib le  range of composition 
a t  p re s s u re s  v a ry in g  from  below atmospheric to  p re e euros considerably 
above a tm ospheric*
I n  a d d i t io n  t o  be ing  v e r s a t i l e  th e  © till  i e  rugged* simple to  
c o n s t r u c t ,  easy  t o  o p e ra te ,  and e&ftily cleaned*
These f e a tu r e s  make th e  s t i l l  s u p e r io r  to  any u n i t  thus fa r  pro - 
poeed f o r  th e  g e n e ra l  study  o f  v a p o r - l iq u id  eq u ilib riu m *  Although 
t h i s  e t i l l  does n o t so lv e  a l l  th e  problem s involved* th© approach t© 
somewhat d i f f e r e n t  and w i l l  perhaps s t im u la te  fu rth er development of 
t h e  id e a s  p re sen ted *
CHAPTER IV
EXPERIMENTAL DATA
Study o f  th e  v a r ia t io n  o f  a c t iv i ty  c o e f f ic ie n ts  w ith  p ressu re  
and tem p era tu re  would be g re a t ly  f a c i l i t a t e d  by th© a v a i la b i l i ty  o f  
r e l i a b l e  d a ta  over a r e la t iv e ly  wide range o f p ressures*  Such d a ta  
has been ob ta ined  on a  b in ary  system which has become in d u s tr ia l ly  
im portan t w ith  th e  advent o f th e  sy n th e tic  fu e ls  program* Ethanol and 
n-Hexane appear as p roducts in  thi©  sy n th e s is  along w ith a  h o st o f  o th e r 
chem icals most o f  which form azeo tro p es w ith  each o th e r  b ring ing  about 
d i f f i c u l t i e s  In se p a ra tio n  by d i s t i l l a t i o n *
In  a d d itio n  d a ta  were determ ined on th e  binary  ey©terns Ethanol"* 
Water* E thyl Acetate-W ater* and n-Butane 1 -Water as  p rev iously  p resen ted  
in  Chapter 111*
The Ethanol used i n  th e  in v e s t ig a t io n  was ab so lu te  alcohol ©old by
U* S* I n d u s t r i a l  Chemicals* Inc** which was f r a c t io n a te d  In  a fo u r fo o t
la b o ra to ry  column packed w ith  s ta in le s s  s te e l  h e l ic e s  (F igure  2 2 ) to
y ie ld  c u ts  having p h y sica l p ro p e r tie s  in  l in e  w ith published  values*
25The m a te rie l used had a  r e f r a c t iv e  index ) o f  1*3594 a  s p e c if ic
g ra v ity  (d jp )  o f  0*78496*
T echnical g rade n-Hexane* co n ta in in g  approxim ately 4 mole percen t 
im p u rities*  c h ie f ly  m ethylcyclopentane* was purchased from The P h i l l ip s  
Petroleum  Co.* B a r tle s v il le *  Oklahoma* and subsequently  p u rif ie d  by 
batohw ise e x tr a c t iv e  d i s t i l l a t i o n  w ith a n i l in e  In th© lab o ra to ry  column* 
(F ig u re  2 2 )*  A n i l in e  h as been  p r e v io u s ly  used  ae a s e p a r a t in g  a g en t
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f©r th e s e  two compounds by a oountor c u rre n t e x tra c t iv e  d i s t i l l a t i o n  in
Columns b u t has n o t been recoramended as a lab o ra to ry  method* Th©
f i r s t  a ttem p ts  a t  se p a ra tio n  were by e x tra c tio n  w ith a n i l in e  in  a
s e p a ra to ry  ftm n el and subsequent d i s t i l l a t i o n  o f th e  hydrocarbon layer*
19T his e f fe c te d  no separation*  I t  has been rep o rted  th a t  th e se  compounds
fo ra  an aseotrop©  b o ilin g  a t  a tem perature  c lo se  to  t h a t  o f  pure jv-Hexane*
I t  i s  e n t i r e ly  p o s s ib le  th a t  when th e  a n i l in e  i s  p re sen t in  th e  © till  pot*
i t  e x e r ts  a  s e le c t iv e  so lv en t a c tio n  fo r  th© met by 1 cy c 1 op ©nt an© (B* F*
71*6° 0 *) s u f f ic ie n t  to  change i t e  v o l a t i l i t y  c h a r a c te r is t ic s  w ith re sp e c t
©to  t h a t  o f  n-*Hexana (B* F* 68*75  G*) to  euoh an e x ten t th a t  th e  ace©* 
tro p e  I s  broken and a  se p a ra tio n  i s  e ffec ted*  The n-Hexan© used had a 
r e f r a c t iv e  index ( S ^ )  o f  1*5725 and a  s p e c if ic  g ra v ity  (d^p) o f  0 *65501* 
A nalysis  o f  th e  v a rio u s  samples was by measuring r e f r a c t iv e  index 
and by u se  o f  a  r e f r a c t iv e  index v e rsu s  com position p lo t  obtained by 
making up so lu tio n s  o f  known com position and reading  th e i r  r e f r a c t iv e  
in d ices*  The re fra c to m e te r  was m aintained a j  25*0° 0 * by com bination o f  
a  h ea tin g  and r e f r ig e r a t in g  ty p e  constan t tem perature  bath  and could be 
read  t o  ±  0 . 0001 .
A s t a t i s t i c a l  a n a ly s is  was ca rrie d  ou t to  a s c e r ta in  th e  p re c is io n  
o f  th e  a n a ly t ic a l  method used* This t e s t  was performed by read ing  th e  
r e f r a c t iv e  in d ic e s  o f sev e ra l so lu tio n s  o f known com position under th e  
same co n d itio n s  t h a t  th e  an a ly ses  on th© experim ental work were performed* 
For example, read in g s  on any on® of th e se  known so lu tio n s  were made in  
th e  morning, a fte rn o o n , and a t  n ig h t and on d i f f e r e n t  days* In  t h i s  way 
i t  was assumed th a t  th e  many random v a r ia t io n s  th a t  might a f f e c t  such a 
d e te rm in a tio n  would be included* A minimum of s ix  such read ings were
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made on each o f  f iv e  s o lu tio n s  whoso ooncen tra tione  ranged from pur® 
n-Hexane to  pur® Sthenol*
S t a t i s t i c a l  a n a ly s t#  ©f th e se  p re c is io n  t e s t e  showed an average 
s tandard  d ev ia tio n *  ^ % o f  0 .8  w eight p ercen t and th a t  th e  p re c is io n  
o f  th e  d e te rm in a tio n s  d id  no t vary  s ig n if ic a n t ly  over th e  e n t i r e  rang®. 
However when thi®  was converted to  p re c is io n  In  term® o f mol© percent* 
a  uniform  in c re a se  from 0*4 mole p ercen t eq u iv a len t to  th e  average 
s tan d ard  d e v ia tio n  in  w eight p e rcen t a t  pure Ethanol to  1*49 mole p ercen t 
e q u iv a le n t t o  th e  average standard  d e v ia tio n  in  w eight percen t a t  pure 
©•Hexane was found* This in c rea se  i s  due e n t i r e ly  t© th e  d iffe re n c e s  in  
m olecu lar w eight o f  th e  two components*
For th e  purpose o f s e t t in g  up confidence limit®  about experim ental 
data* each o f  th e se  v a lu es  should be m u ltip lie d  by 2*0 to  g e t l im its  in ­
s id e  which 99*1 p e rc en t o f  th e  d a ta  should f a l l  to  be e n t i r e ly  s a t i s f a c ­
to ry  and m u ltip lie d  by 1*96 to  g e t l im its  in s id e  which 95 p ercen t o f  th e  
d a ta  should f a l l  to  be e n t i r e ly  s a tis fa c to ry *  When th e  standard  dev ia­
t io n  i s  used w ithou t a  m u l t ip l ie r ,  67 p ereen t of th e  d a ta  should f a l l  
w ith in  th e  l im i ts .  In  th e  case  o f an x-y diagram  where each p o in t i s  th e  
r e s u l t  o f  two such d e te rm in a tio n s , each o f  th e  above v a lu es  should be 
m u ltip lie d  by th e  square ro o t of two to  g e t th e  a p p ro p ria te  lim its*  This 
depends to  some e x te n t on th e  shape o f th e  curve*
At f i r s t  g lan ee  th o se  v a lu es  seem ra th e r  high* but th e  t e s t s  were 
performed w ith th e  same degree o f  care  a s  th e  experiment&l d e term ina tions 
and co n sid e rab le  im portance i s  a tta c h e d  to  thorn. Such te e ite  cou ld  probably 
e x p la in  much o f th e  poor d a ta  th a t  hae been published* Such in fo r m a tio n  
m ight p rev en t in v estig a to r®  from making claim® about t h e i r  d a ta  t h a t  a r e
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n o t w holly j u s t i f i e d .
T h ib in fo rm ation  perm its  s e t t in g  up confidence lim its  on experi­
mental d a ta  o r  any d a ta  derived  from t h i s  experim ental d a ta . To th e  
knowledge o f  th e  au th o r only one in v e s t ig a to r ^  has published d a ta  
w ith  confidence l im i t s ,  and th e se  were g o tte n  by assuming a  reasonab le  
d ev ia tio n *  S t a t i s t i c a l  an a ly ses  a re  te d io u s  and d i f f i c u l t  to  perform 
c o rre c tly *  b u t th e  in fo rm ation  derived  from suoh t e s t s  i s  ample reward 
fo r  th e  labor* No experim ental d a ta  should be considered com plete u n t i l  
such t e s t s  have been performed*
The experim ental d a ta  a t  2^0 mm** 595 amu* and 7^0 mm* was ob tained  
on a  g la s s  s t i l l  o f  th e  Jones* Sehoenborn* and Colburn ty p e  as  shown in  
f ig u re  25* The d a ta  a t  th e  h ig h er p re ssu re s  was determ ined u s in g  th e  
new ty p e  o f s t i l l  a s  d escribed  in  d e ta i l  in  Ohapter 111* The develop­
ment o f  th e  eq u ilib riu m  s t i l l  made p o ss ib le  th© in v e s tig a tio n s  over a 
range o f  p re ssu re s  s u f f ic ie n t  to  show th e  e f f e c t  o f p ressu re  on vapor- 
l iq u id  eq u ilib riu m  d a ta  on l iq u id  a c t iv i ty  c o e ff ic ie n ts*  T his d a ta  i s  
shown in  T ables VIT-XIII and F igures 24-44*
The confidence l im i ts  a re  i l l u s t r a t e d  in  F igures 2? and 29* The 
l im i ts  p lo tte d  a re  th e  2 <f~or 95 p e rcen t l im i ts  as  p rev iously  ex p la in ed .




EXPERIMENTAL DATA FOR n- 1 2 HEXAMS -ETHANOL AT 250 mm* Hg.
TOTAL PRESSURE




41 .6 4 .5 58*5 . 85OS .0379
36.1 6 .4 22.4 .8072 .0196
34.5 1 5 .0 64.8 .6852 .0150
% »7 36.4 7 0 .2 • 3589 .1479
51.7 44 .5 70.2 .2949 .1947
51.5 3 2 .1 71 *9 .2371 .2366
50.5 5 5 .8 70.2 . 21X3 .2661
31 .2 65*.6 71.9 •1325 .3882
30 .? 78 .4 72.7 .0629 •5731
32.1 99 .4 76*7 1 .1627
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° 9 , ...... ......
LIQUID VAPOR LOO 1^ l o o 0;
58.1 1.0 7.7 .7444
50.5 5.8 34.5 .7888 .0809
47.9 7*2 51.4 .8740 .0081
48.0 9 .0 55-0 .8188 .0402
48.0 10.1 52.2 .7800 .0557
44.5 14.6 54.5 .6 ^ 5 .0913
42.5 25.9 62.1 .5205 .0615
4l.l 57.9 88.8 .2058 .5089
41.4 62.9 88.6 .1639 .3608
41.5 77.4 70.2 .0808 .5301
4l.8 78.4 88.6 .0852 .5918
42.2 90.2 71.1 .0095 .8842
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EXPERIMENTAL DATA FOR n-HEXANE -ETHANOL AT 7€0  mm* Hg,
TOTAL FRESSURS




W S H E VAPOR 1,03 « 1 L03 I E
75*4 2.5 6.9 • 5541 .6298
65.7 6.4 25.2 .6589 .1614
65. 0 15.1 46.2 .6222 .0645
62.? 15.7 48.4 .6294 .0584
59.6 28.2 51.5 .5865 .1697
59.6 50.9 60.4 .4l4l .0954
58.2 52.1 62.9 .2248 .2545
58.2 62.2 65.9 .1550 .5454
?6.2 66.6 65.7 .1567 .5747
58.5 74.2 67.5 .1014 .4602
58.6 75*1 66.6 .0864 .6010
58.8 82.6 68.8 .0546 •6085
60.0 96.5 76.7 .018? 1.1510
6l.O 98.2 76.7 1.4108
62.2 98.9 78.4 .0047 I .5065
62.1 99.0 81.8 .004? 1.5490




















EXPERIMENTAL DATA OK ir-HEXANEl -ETHANOL2 AT 1270 m .  Hg.
TOTAL PRESSURE
TEMPERATURE MOLE PERCENT n »KEXANE
°C- LIUUID VAPOR LOO V, LOO ^Z~
$7.5* 1 .9 5*5 .1717
8 5 .6 5 .1 2 2 .6 .8756 * ------------
79.7 9*5 55.9 ,6580 .0461
76 .2 16*7 46 .0 .5775 .0457
74 .0 27-5 54 .4 *4505 .0905
75-9 59.2 57.1 .5117 .1599
75*5 42*6 57.7 *2851 .1667
75.1 55.® 60 .4 .2092 .2565
75*5 65 .9 6 2 .0 .1599 .5191
75-5 71.1 65.9 .1069 .5945
75*5 64 .4 6 8 .6 .0457 .5711
7 6 .5 97.6 75*9 1.2227
1— Component 1
2—Component 2
•— Read from p lo t  o f  o th e r values*
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EXPERIMENTAL DATA m  n -HEXANS1- ETHANOL^ AT ram* Hg.
TOTAL PRESSURE
TU^SRATtmS MOLB PERCENT z^H S M g 1
*0 . LIQUID VAPOR LOG «\ los (Te
89 . 0* 3 .2 21 .2 •8774 .0406
« 7 .3 4 .2 30.4 .9297 .0120
86.1 6 .4 36.1 .8397 .0052
84 .0 9 .6 44.5 .7708 ---------
8 J .4 I 2 .5 46 .9 .7042 .0050
82.1 14.9 5 2 .0 .6648
81 .7 14.9 5 2 .2 .6911 .0009
81 .9 1 5 .0 5 2 .0 .6840 ---------
80 .6 I 8 .5 53-6 .6212 *025*i
79 .1 59*0 59.6 .5926 •0626
79.7 35.9 57.9 *3738 *1004
78 .8 58 .6 60 .4 .1886 .2762
79.1 5 8 .6 6 0 .9 .1920 .2695
78 .8 60.9 6 0 .9 .1764 .2969
78 .8 70.2 60 .4 .1106 •4206
79.1 91 .9 6 8 .5 .0469 *9112
8 4 .3 98 .7 75.9 --------- 1.4646
1— Component I
2-~  Comp onosit 2
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99.1 6.1 52.5 .8311
95*5 6 .0 34.6 .7698
9 5 .5 6 .2 47.4 .8953
95»tf 10.6 48.9 >7962
92 .2 24 .5 5 7 .7 •5394
9 2 .2 57 .7 61.7 .1962
92.2 70.6 61.8 .1087
9 2 .0 61 .0 64.5 .0595
9 3 .5  . 97 .4 68.0 .0056
93*4 97 .9 66.0 .0104
94 .1 96 .4 69 .4 .0026
93*6 98 .5 68.6 .0026
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TABLE m i
1 2EXPERIMENTAL DATA ON n-HEXANE -ETHANOL AT 28^0 mm. Hg.
TOTAL PRESSURE
1
T©*?gRATURE HOLS PERCENT n-HBXANS
c» m v j s VAPOR W »  J' 103
1 0 7 .0 8 .7 4o.o .6715 ——
101.1 12.6 47*5 .6446 ---------
101.x 15*1 50.5 .6916 ---------
99.0 14.9 54 .0 .6499 ---------
99.7 18.4 52*5 .9449 ---------
96.9 26.0 95*0 .4194 .0139
9S.5 40 .7 57*0 . 2 ^ 4 .0899
96.6 4 5 .2 57*0 .1902 .1241
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Th© d isc u ss io n  o f th e  r e s u l t s  o f t h i s  in v e s tig a tio n  i s  broken in to  
p a r t s  t o  f a c i l i t a t e  proper o r ie n ta t io n  o f  th e  m a te ria l in  th® o rder o f  
i t s  occurrence*
A, ENVELOPMENT OF A *©RE VERSATILE EQUILIBRIUM STILL 
The new ty p e  eq u ilib riu m  s t i l l  proposed in  Chapter I I I  I s  th© r e s u l t  
o f  th e  com bination o f d e s ira b le  f e a tu re s  o f  s t i l l s  a lready  proposed w ith 
new f e a tu re s  necessary  t o  p roperly  cope w ith some physica l l im ita tio n s  
which had no t been s a t i s f a c to r i l y  overcome previously* The most n o tab le  
o f  th e se  d i f f i c u l t i e s  was th e  a d ap ta tio n  o f a r e c irc u la t in g  type s t i l l  
so t h a t  p a r t i a l l y  m iso ib le  so lu tio n s  could be handled*
The u se  o f a  c e n tr ifu g a l pump w ith a r e la t iv e ly  la rg e  by-pass l in e  
a s  a condensed vapor reo e lv o r has sev era l advantages! (1 ) Complete 
a g i ta t io n  i s  achieved so th a t  any vapor th a t  sep ara tee  in to  two liq u id  
phases on condensation behaves ae a homogeneous l iq u id  phase a t  l e a s t  
in s o fa r  as  r e tu rn  to  th e  t o t a l  v ap o rise r  i s  concerned* (2 ) Th® pump 
su p p lie s  th e  d r iv in g  fo rc e  necessary  fo r  re c irc u la t io n  o f th e  condensed 
vapor and e lim in a te s  th e  n e c e ss ity  of B u ffio len t l iq u id  head to  supply 
t h i s  d r iv in g  force* th u s  reducing th© o v e ra ll s iz e  of th e  equipment* (^} 
Use o f th e  pump e lim in a te s  slugging and th e  in te rm it te n t  o p era tio n  th a t  I s  
c h a r a c te r i s t i c  of th e  g ra v ity  re tu rn  s t i l l  o f Jones* Schoenborn* and 
C o lb u rn ^  u n t i l  th e  o p era tin g  cond itions are  properly ad justed* th u s  th©
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• t i l l  I® more e a s i ly  e©t In  operation*  (4 ) C en trifu g a l pumps com® in  a  
v a r ie ty  o f  ft le e s  and m a te r ia ls  o f  c o n s tru c tio n , bo th a t  ohoioa o f th e  
pump ©an be su ite d  to  th e  ty p e  o f system being  handled and th e  volume o f 
hold-up d esired *
9ft# o f  a c e n tr ifu g a l  pump as  a oondeneed vapor re c e iv e r  a lso  possesses 
a l l  th e  l im i ta t io n s  c h a r a c te r is t ic  o f  s tu f f in g  boxes when organic so lv en ts  
a re  be ing  handled* These d i f f i c u l t i e s  can be overcome by proper choice o f  
th e  packing m ate ria l*  Seme o f  th e  p la s t i c  packing m a te r ia ls  t h a t  have 
re c e n tly  become a v a i la b le  a re  e s p e c ia lly  r e s i s t a n t  to  o rgan ic  so lven ts*  
P robably  th e  most o u tstan d in g  o f  th e se  1b T eflon , whloh i s  apparen tly  
im pervious to  chem icals and i s  a ls o  very  s ta b le  over a  wide tem perature 
range* T eflon  was used du ring  t h i s  in v e s tig a tio n  a s  gasket® fo r  th e  s ig h t 
g la s s  w ith  com plete success*
The t o t a l  v a p o riz e r  i s  necessary  i f  a s t i l l  o f th e  ty p e  described  as 
category  (b ) in  Chapter I I I  i s  desired*  The new s t i l l  i s  o f t h i s  type# so 
sp e c ia l ear#  must be ex erc ised  in  o rder to  com pletely vap o rize  a l l  o f  th e  
feed  coming from th e  condensed vapor re c e iv e r , bu t no t to  app rec iab ly  
su p erh ea t th e  vapor* I f  superheated vapor e n te rs  th e  eq u ilib riu m  chamber, 
ev ap o ra tio n  o f  th e  l iq u id  sample w il l  occur a s  t h i s  s e n s ib le  h ea t i s  l o s t  
cm bubbling  through th e  liq u id *  A d esu p erh ea te r" was in s ta l le d  as  a  
f e a tu re  o f  t h i s  v a p o rize r  in  th e  form of a nichrorae s p i r a l  wound in s id e  
th e  in n ie r  tu b e  through which th e  vapor must r is e *  This s p ir a l  w il l  pick 
up su p erh ea t from th e  vapor and t r a n s f e r  i t  back to  th e  cold incoming 
liq u id *
So tro u b le  was experienced with superheating  s ince it was found th e re  
was sufficient heat to  t o t a l l y  vaporize th© feed a t  a tem perature equal to
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o r  lower th en  th e  b o ilin g  p o in t o f  th e  l iq u id  in  th e  eq u ilib riu m  chamber. 
Thle wag t r u e  because th e  b o il in g  p o in t corresponding to  th e  vapor ecu** 
p o s i t io n  le  low er th an  th a t  o f  th© eq u ilib riu m  liq u id  a t  a l l  com positions 
o th e r  th a n  th e  a ze o tro p lc  com position where th© two b o ilin g  tem peratu res 
e re  th e  game* Th© i n s t a l l a t i o n  o f  a thermocouple a t  th e  en trance o f  th e  
vapor to  th e  eq u ilib riu m  ie  a fe a tu re  no t p rev io u sly  ueed to  in su re  th a t  
•u p erh ea tin g  o f t h i s  vapor doe© no t occur#
The l iq u id  chamber was held  a t  approxim ately th© c o rre c t tem peratu re  
by a vapor jacket*  Acy h ea t lo o ses  r e s u l t  in  removal o f superheat from 
th e  incoming vapor o r condensation o f a  sm all p o r tio n  o f  th e  vapor which 
i s  rev ap o rized  when i t  r e tu rn s  to  th e  v a p o r iz e r .
C o n tro llin g  th e  p re ssu re  by th e  r a te  o f  condensation o f  th e  vapor 
had been p rev io u sly  employed* bu t n o t on a s t i l l  where a t o t a l  v ap o rize r 
wag used* For such a  method to  be successfu l*  a balance o f co o lan t ra te*  
h e a t input* and r a t e  o f  c i r c u la t io n  must be a tta in ed *  This balance i s  
e a s i ly  reached s in c e  a t  any s e t  o f  co n d itio n s  th e re  ie  an eq u ilib riu m  
pressu re*  This eq u ilib riu m  p re ssu re  can be ad ju sted  to  th e  d e s ire d  
v a lu e  by changing any one o r any com bination o f th e  c o n tro lle d  v a riab le s*  
The d a ta  obtained  on th e  systems Ethanol**Water and n~Butano1** Wa t  a r * 
r e p re s e n ta t iv e  o f  m iso ib le  and p a r t ia l ly  m isc ib le  systems* were found to  
s a t i s f a c t o r i l y  conform to  th© l i t e r a t u r e  d a ta  w ith in  th e  limit® o f th e  
experim ental e rro rs*  T herefo re  i t  was concluded th e  e t i l l  operated 
p ro p erly  and d a ta  were obtained  a t  sev e ra l p ressu res  on th© system n« 
Hexane-Ethanol on which no d a ta  have been published*
In  sh o rt th e  new s t i l l  pocseeaee th e  d e s ira b le  c h a r a c te r is t ic s  o f  
eontinuoue o p e ra tio n  w ith  a d e f in i te  small amount o f m iso ib le  or partial** 
ly  raiecibl© l iq u id s  a t  p re ssu re s  ranging  from below atm ospheric to
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co n sid e rab ly  above atm ospheric* Th® u n i t  I s  o f a simple* rugged de®ign* 
e a s i ly  o o n e tru e ted , and e a s i ly  operated*
B* PROPOSED MOB IF I  OAT ION OF EXISTING DESIGN 
At th e  h ig h er p re ssu re s  some d i f f i c u l ty  was encountered due to  leeks* 
Such le a k s  a re  hard to  d e te c t  and a re  d is a s tro u s  to  eq u ilib riu m  measure­
ments* The s ig h t  g la s s  seemed to  be th© p r in c ip a l source o f  leaks* so a  
m odified design  w ith  a sm aller s ig h t g la s s  o f  d i f f e r e n t  design  i s  sug­
gested* The vo lu m etric  c ap ac ity  o f th e  condensed vapor re c e iv e r  i s  ap­
proxim ately  s ix ty  m i l l i l i t e r s *  and when t h i s  amount i s  charged i t  i s  n o t 
n ecessary  to  see th e  o p e ra tin g  lev e l*  A s ig h t  g la s s  o f  th e  ty p e  used in  
r e f r ig e r a n t  l in e s  would be s u f f ic ie n t  to  t e l l  I f  th e re  i s  c irc u la tio n *
The o p e ra tio n  could be e a s i ly  c o n tro lle d  by o th er c r i te r ia *  This type  o f 
s ig h t g la s s  could be d i r e c t ly  in se r te d  in to  th e  l in e  by screwed f i t t i n g s  
e lim in a tin g  th e  n e c e s s ity  fo r  th e  sp e c ia l glange co n s tru c tio n .
P lac in g  th e  p re ssu re  gauge d i r e c t ly  in to  th e  Y connecting th e  con­
denser and condensed vapor re c e iv e r  would minimise th e  p o s s ib i l i ty  o f 
leaks*  Charging and removal o f th e  vapor sample could be e a s i ly  e f fe c te d  
th rough  th e  sample v a lv e  a t  th e  bottom o f th e  pump* The appara tus could 
be ven ted  by th e  removable thermowell above th e  l iq u id  chamber*
0* EXPERIMENT/.i RESULTS 
The experim ental r e s u l t s  on th e  system n-Hexane-Ethanol p resen ted  in  
C hapter IV a re  shewn to  be th erm od yn am ica lly  c o n s is te n t fo r  th e  p re ssu re s  
250 mm»t 595 mm«* 760 mm** 1270 ms** and 15^5 tm * d a ta  a t  2^10 nun* 
and 2650 mm* a re  n o t q u ite  as r e l ia b le  as th a t  a t  th e  lower p ressures*  Since 
th e  d a ta  up to  15*9 «»• a re  c o n s is te n t they  a re  probably co rrec t*
104
A nalysis  o f  t h i s  d a ta  shows that, th e  vapory-liquid eq u ilib riu m  H u e
i s  d isp lac e d  by in c re a s in g  th e  p re ssu re  from 2^0 mm* to  760 mm. as  has
been p o s tu la te d * ^  However, a t  a  p re ssu re  o f  1270 mm* th e  l in e  denoting
th e  equilibrium  com positions I s  no t d isp laced  throughout th e  com position
range  and th e  experim ental asseotroplc p o in t i s  much lower than  th a t  p ro-
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d ie te d  by th e  method o f  Gthmer and Ten Syck* The same i s  noted by oomr* 
p a r i  eon o f  th e  d a ta  a t 1545 ma* w ith  th a t  a t  1270 mm* and th e  lower 
p ressu res*  At f i r s t  i t  m ight seem t h i s  i s  due to  erroneous d a ta , b u t as  
a lread y  mentioned th e  d a ta  a re  e o n s !s te n t and in  a l l  p ro b a b ili ty  a re  cor­
r e c t w ith in  th e  l im i ts  o f th e  experim ental e rro r*  However th e  vapor 
p re ssu re  curves fo r  th e s e  two components a re  seen to  c ro ss  a t  a p re ssu re  
o f  2500 am* and a  tem pera tu re  o f  112° Q. (F igure  54—Appendix) A 
rev ersa l o f th e  v o l a t i l i t y  c h a r a c te r is t ic s  would be expected beyond t h i s  
po in t*  I t  seems t h i s  re v e rs a l  begins when th e  co n d itio n s  a re  such th a t  
th e  vapor p re ssu re s  o f  th e  two components begin  to  converge th u s  re s u l t in g
in  th e  c ro ss in g  o f th e  eq u ilib riu m  curves a t  two d i f f e r e n t  p ressu res*
52The s ta tem en ts  o f  Gthmer and Ten Sfcrck a re  th u s  In o o rre e t as  they  stand  
and should be q u a lif ie d *  G rossing o f vapor p ressu re  curves I s  n o t an 
unusual phenomena s in ce  se v e ra l compounds th a t  a re  n o t o f th e  same homologous 
s e r ie s  e x h ib it  t h i s  property*
Be conclusions a re  drawn from th e  d a ta  a t  2510 mm* and 28^0 mm* s in ce  
th ay  have been shown to  be in co n sis ten t*  An e f fo r t  was made to  determ ine 
th e  n a tu re  and amount o f t h i s  inco n sis ten cy  by adjustm ent o f  th e  a c t iv i ty  
c o e f f ic ie n t  curves fo r  th e  2^10 mm. d a ta  u n t i l  they were thermodynamically 
c o n s is te n t .  This was done by f i r s t  assuming th e  curve re p re se n tin g  Log fr/ 
was c o r re c t  and g ra p h ic a lly  in te g ra tin g  th© aibbsHPuhea equation  to  o b ta in
th e  curve re p re se n tin g  Log 2^ t h a t  would be thermodynamically coneiB tent 
w ith Leg 4| (R epresented by c i r c le s  on F igure 4^ )• This makes th e  con­
s is te n c y  appear to  be poorer th an  i t  r e a l ly  i s  e inee  a l l  th e  inoon- 
e ie te n e ie s  o f  both curves a re  thrown in to  one* To account fo r  t h i s  th e  
curve re p re se n tin g  Log ^  wee assumed to  b© c o rre c t and th© procedure 
repeated t o  fin d  Leg th a t  would be c o n s is te n t w ith Log (R epresented 
by th e  tr ia n g le s  on F igure 4j?)* Then somewhere in  between th e  experi­
m ental curves and curves g o tte n  by th© procedure o u tlin ed  th e re  should 
be curves c o n s is te n t w ith  eaoh o ther*  The dashed l in e s  on F igure 4^ 
rep resen t such curves, b u t being  c o n s is te n t doer n o t make them c o r re c t» 
However assuming they  were co rrec t*  new v a lu es  fo r  th e  equ ilib riu m  curve 
were e&loul&ted and a re  shown in  F igure 46* The Inconsistency  seems to  
have occurred between 10 and 40 mole p e rcen t n-Hexane*
The experim ental vapor p re ssu re s  o f  th e  a s 00tro p e  o f  n-Hoxan©~
Sfchaaol as a fu n ction  o f tem pera tu re  were p lo tte d  on th e  Cox Vapor P re ssu re  
P ie t (F igure 54—“Appendix) where th e  behavior was th e  same as  th a t  fo r  
pure components even though th e  com position o f  th e  azeo trope changes w ith 
pressure* According to  th e  method o f H u tting  and H o rs le y ^  th e  aseo tro p e  
o f  th e  n-Hexane-Ethanol system would d isappear a t  a  p ressu re  g re a te r  then  
1 0 ,OCX) snu where th e  azeo trope  vapor p re ssu re  curve and th e  Ethanol vapor 
pressure curve in te rs e c t*
D. CORRELATION OF DATA 
Th© a p p lic a t io n  o f Equation (5 6 ) o f  Chapter I I  recommended p re­
v io u s ly  fo r  th© c o r re la t io n  o f  a c t iv i ty  c o e f f ic ie n t  d a ta ,
H LJ
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11 lu e t r a ta d  In  47 fo r  th o  ean*'t&nt preceuro d a ta  a t  I 545 ram*
In  t h i e  F igure a l l  th e  component p a rto  o f th® equation  a re  p lo tte d
.  .  Vm (tt~ P)
excep t th e  term  -^ 0f ^ r r  * 081011 o f which were o f th e  o rder o f  magni­
tu d e  o f  0.0010 bu t o f  o p p o site  s ig n  b o  ao to  cancel * A ll th e  term® 
In s id e  th e  b rac k e ts  wore ca lc u la te d  from a  knowledge o f  th e  p ro p e r tie s  
o f  th e  pure components, t o t a l  pressure* and tem perature* I t  should be 
noted th a t  Log does n o t vary  w ith  com position fo r  co n stan t
p re ssu re  d a ta  and Log _I^£k does n o t vary  fo r  iso therm al data* Log
fp t ;
was determ ined experim en ta lly  and Log —— th en  ca lcu la ted *  P a s t In -
^<2
v e s t ig e to r s 12* ^  have developed em pirica l power s e r ie s  to  express 
th e  data*  bu t use  o f  th e  above equ a tio n  i s  simp la  and convenient when 
broken in to  i t e  component p a r ts  and in  a d d itio n  adheres to  th e  f a c to rs  
commonly used to  exp ress  phase equilibrium *
According t o  Squation (5 0 ) o f  Chapter I I
L o a  ~  °
3  lre
which mesne th e  p o s it iv e  and n eg a tiv e  a rea s  under th e  Log 1 - versu s
Ycl,
curve should be equal* Thie c r i t e r i a  i a  s a t i s f a c to r i ly  s a t i s f ie d  
s in ce  th e  p o s it iv e  a rea  as  drawn i s  0*2^4 u n i t s  and th e  n eg a tiv e  a re a  
I s  0*24? u n its*
Since i t  has been shown in  Chapter I I  th a t
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where i s  the Henry Law constant at x^ « 0 and kg i e  th© Henry Law
constant a t Xg> "• Of and which are th© s i  ©pas o f th© x-y diagram a t  
* i *  0  *a *  o* T his l im it in g  slope can he used a© an aid  i n  draw** 
ing th e equilibrium  ourve as  shown in  Example 1*
th e n  * 28*2 and a  l in e  having th i e  elope ie  drawn
through  Xg * 0 on F igure 48* The experim ental d a ta  a re
Been to  conform to  th e se  requirem ents*
A ccurate p re d ic tio n  o f a c t iv i ty  c o e f f ic ie n ts  and v a p o r-liq u id
eq u ilib riu m  d a ta  from very  lim ite d  d a ta  cannot be accompli shed u n t i l  a
method i s  found to  a c c u ra te ly  p re d ic t  th© te rm in a l v a lu es  o f th© a c t iv i ty
c o e f f ic ie n t s .  At p re se n t th e  Van Laar equations a re  th e  most commonly
used  fo r  t h i e  purpose . The l im ita tio n s  o f th e se  eq u atio n s have a lready
bead po in ted  ou t and need no e lab o ra tio n *
The fo llow ing  method ie  suggested fo r  p re d ic tio n  o f th e se  end
17v a lu e s  based on a  method p resen ted  by Hougen and Watson b u t made more 
a c c u ra te  by s u b s t i tu t io n  o f  fu g ao ity  fo r  pressure*  The fo llow ing  equations 
w i l l  hold  fo r  moderate p re ssu re s  where th e  p re ssu re  c o r re c tio n  terms*
Example I t
Proa F ig u r . k j  a t  ^  = 0 , to g  -  to g  k j * 1 .1 0 .
Thus kj, * 12*6 and a l in e  having t h i s  slop© ie  drawn
throu$» xi  s  0 In  F igure 48*
S im ila rly  from Figure 47
9 can be neglected*f z ~ r
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j i  - r r - ^ r ,
2 /  f y ,
_  *<}■£. T T  'O rr*Z.
Then
Z£l '7 T - '^7 r j =  *1 K
"Vx. ^  ^
A d d itio n  o f  th e s e  two eq u a tio n s  g iv es
and s in e s  y^ +  yg s  1# and ^ J j r  and a re  very  near th e  same
v a lu e  th e  fo llo w in g  can he w r i t te n  as  an approximation*
/ )  7 T  -  + - ^  X &  ^
(. Z  '  (1 )
Rearrangement g iv e s
f'frr, + ) ~ir — y& ?£.£/%
h  = is 5 ^ --------- — ------- -
' ‘v  ^P , (2 )
i I?”!
As x^ approaches zero# <T^  approaches zero  and th e  fo llow ing l im i ts
17have been shown to  hold  t
£  ^ 7 " ; ^ L  \ 77—
u .  Y , =. - _____ 5 _ < ----------------------—
X , - j> o  ''z ^5)
^ r n ; + --^Jn-£ J  j j -  — _ ^
u »  5 -------- — - f   —  W
Y -  t - p .
Frcsa a c c u ra te  isobari©  b o il in g  p o in t measurements over th e  © ntlro
com position  ran g e , ap p aren t a c t i v i t y  c o e f f ic ie n ts  can b© c a lc u la te d  and
e x tra p o la te d  t o  x^ * 0 and * 0 a t  which p o in t they  a re  equal to  th e
t r u e  a c t i v i t y  c o e f f ic ie n ts *  T h is should be more acc u ra te  th an  vapor**
l iq u id  e q u ilib riu m  measurement® because o f th e  ease o f  making up a  l iq u id
o f  known com position th u s  e lim in a tin g  an in a c c u ra te  a n a ly s is  l a t e r  in  th e
p rocess*  A pparatus fo r  a c c u ra te ly  determ ining  b o ilin g  p o in ts  have been 
Ao
d e sc rib e d  .  I f  th e r e  i s  co n s id e ra b le  c u rv a tu re , e x tra p o la tio n  to  th e
s e re  c o n c e n tra tio n s  i s  f a c i l i t a t e d  by u se  o f th e  W h ite^  method w herein
(V bog Yj ) v e rsu s  ^  and (T Log Yg )m° v e r s u s  ^  i s  p lo tted *  th e
p o s tu la te d  s t r a ig h t  l in e  i s  n o t always observed , b u t i t  I s  s u f f ic ie n t ly
s t r a i g h t  in  th e  d i l u t e  ranges to  perm it acc u ra te  ex trap o la tio n *
A n aly sis  o f  th e  Van Laar equations shows th a t  th e  co n cen tra tio n  a t  
Viwhich Log * 0 i s  g iven  by
And s in c e  A *  Log Yj a t ^ S O  and B * Log a t  Xg Z 0f I t  fo llow s th a t  
t h i s  c o n c e n tra tio n  can be lo ca te d  by Equation (5)»
'3 t y y z - o
(5)
T h is  i s  b e liev ed  to  be an adequate ex p ressio n  fo r  t h i s  condition*  At t h i s  
p o in t  th e  a c tu a l  v a lu e s  o f  y, and l^ o a n  be found by ue® o f  Equation { !)•
In  many oases th e  b o il in g  p o in t curve w ill  in d ic a te  th e  co n cen tra tio n  a t
h
which th e  a se o tro p e  occurs* At t h i s  p o in t Log ^1 *2 -  q an<* kog
xi  &k
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©an fed c a lc u la te d  from  th© eq u a tio n  proposed# T his w il l  g iv e  th re e  or 
fo u r  p o in ts  on th e  Log v e rsu s  x^ curve which i f  used in  co n ju n ctio n
©re s u f f i c i e n t  to  sp ec ify  th e  a c t iv i ty  c o e f f ic ie n t  curves# A check fo r  
co n s is ten cy  fey in te g ra t io n  o f  th© Gibbs-Duhem equation  should be per­
formed and ad ju stm en ts  made#
T h is  method was ap p lied  to  th e  n-H exane-Sthanol System a t  1^4^ mm# 
assuming a  knowledge o f th e  b o il in g  p o in t diagram only (F ig u re  56—-Chapter 
I ? )  a s  shown in  Example 2# End v a lu e s  o f Log ^  * 1*11 and Log 1*60 
were p re d ie te d  as  compared w ith  d o u b tfu lly  e x tra p o la ted  experim ental v a lu es  
©f Log Y s  1*11 'and L o g ^ ®  1#60 a s  seen in  F igure o f  Chapter XT# The 
p re d ic te d  c o n c e n tra tio n  a t  which Lc(j _^-^)was x^ * 0*546 as compared w ith 
th e  experim en tal v a lu e  o f  x^ * 0*552# The p red ic ted  v a lu e  o f Log * Log tg  
a t  t h i s  p o in t i s  0*221 a s  compared w ith  an experim ental value  o f 0 *250#
To secu re  o th e r  p o in ts  u se  i s  made o f  a c h a r a c te r is t ic  brought ou t 
fey W h ite 's  method o f  p lo t t in g  a c t iv i ty  c o e f f ic ie n ts *  This i s  i l l u s t r a t e d  
In  F ig u re  49 where i t  i s  seen t h a t  s  *2 a  0*254 and T Log Yj s  
T Log l£* T his i s  in d ic a te d  a t  x^ s  % * s > .  I t  has been found th a t  
th e s e  co n c en tra tio n s  a re  c o r re c t  fo r  t h i s  c h a r a c te r is t ic  bu t th a t  th e  
value© o f  Log ^ ob tained  a t  t h i s  p o in t do n o t conform to  experim ental 
d a ta  and w i l l  n o t be used# This i s  brought about by th© assum ption o f  a 
s t r a ig h t  l in e  fo r  t h i s  p lo t  which i s  no t oorreot#  The v a lu es ob tained  
in d ic a te  t h a t  th e  high v a lu es  o f Log Y a re  th© ones in  question* s in ce  
th e r e  a re  two p o s s ib le  values#
w ith  th e  s p e c i f ic a t io n /
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From F igure  56 o f  Chapter XV th e  fo llow ing  d a ta  ie  
ob ta ined  a t  1?45 BHtt* t o t a l  p ressu res
*1 *2 B.P. °i
0 .10 0.90 84.0
o .o4 0 . 9<5 89.O
0.90 0.10 79.0
0.99 0.01 85.5
From th e e e  d a ta  and a  knowledge o f th e  vapor p reeeuree 
and c r i t i c a l  c o n s ta n ts  of th e  pure components th e  fo llow ing  
oan be c a lc u la te d  by methods p resen ted  in  Chapter II*
X1
o .o 4 0.951 0.966 959 1124
0 .10 O.951 0.966 IO65 1250
0.90 0.951 0.966 980 765
0.99 0.951 0.966 1150 940
Use o f  Equation (2 ) perm its  c a lc u la t io n  o f  apparen t 
v a lu e s  o f  V | a t  th e  co n cen tra tio n s  approaching x^ 3  0 , 
and an an&logoue equation  fo r  ^ p e r m i t s  c a lc u la tio n  o f  
ap p aren t v a lu es  o f  ! ^ a t  co n cen tra tio n s  approaching x^ -  0 *
*1 frf ap p aren t Log apparen t ^ a p p a re n t  Log ^ ap p a re n t
0 .0 4  9*25 #9661
0 .1 0  5 .5 2  *7^19
O.90 7*6? .8819
0 .9 9  36 .8 0  1 ,565
When th e s e  v a lu e s  a re  p lo t te d  and e x trap o la ted  to  2  0 or
xg 2  0  th e  end v a lu e s  o f  to g  ^  and to g  i^ar©  obtained*
<X"? ‘')r,--c  = 7 77
w , £ , „  -
To g e t  th e  c o n c e n tra tio n  a t  which Vj -
- j r  ~ i  -  \ f ~ f 7 -  -  &■ ^ 9X/ y i'C?o
■y .      = £>.5^-< o
‘ t / .
Sow so lv in g  Equation ( 1 ) s u b s t i tu t in g  fo r  y ie ld s
^ c . t s /  +  t > . 9 6 ( , )  ( r s + s )  -  C .  S - t i >  O x > )  K  +  O .  4 - 5 g .  ( 7 b ,  5 )  <r,
Y, -  K  -  / • £ c 1
/L e $  t", ^  Le>J  *~tL= C ‘
Using th e s e  v a lu es  and th© end p o in t v a lu es  th® White c o r re la ­
t i o n  can be p lo t te d  as  shown In  F igure 49 end th e  co n cen tra tio n s
x *"0 5
found a t  which —i  -  —S  and sim ultaneously  (T Log 1^ } equals
0 .5  *2 *1
(T Log d^>)
. Z t  ~ Q
, ' 4  '  /  1 ) - ° ^  o
( r ~ 7 L o d  Y z _ )  ’ = / _ 3 <
^  ~ / . z o 3  = £ >- p 3 ’°
-  £ ■ j  A-z. ¥■' _  -
, - < 7- ^  . .  j_ j " 0 " 5!  /
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SVom F ig u re  $£ a t  th® p o in t o f  in te r© eo tio n  o f th e  two line®
■S. -  J j L -  0 * 2 ^  hence a t  ^  s  0 ,189 and ^  » 0,189 th e  logarithm  
*2 X1
Of th e  a c t i v i t y  c o e f f ic ie n t*  a re  in v e rse ly  p ro p o rtio n a l to  t h e i r  
a b so lu te  tem p era tu res  a t  th© two In d ic a ted  c o n c e n tra tio n s , t h a t  i s 9 
oy - c . t* ?  _  __
( L o t  C r \ * ,  o .  / r 9
How th© eurv© re p re se n tin g  to g  J[i_ can b© drawn s a tis fy in g  th© f o l -  




^  t f ,  = - ^  K k - c  - ' - i a
j t  o  a t  £ .  -  0 . 5 ^
h .
5 .
> *  = e - / y ?
/
Lc<j ^
For com© system s whore th e  asseotropio co n ce n tra tio n  can b© a c c u ra te ly  
p re d ie te d  from th© b o il in g  p o in t diagram th e  fo llow ing  co n d itio n  can 
a ls o  be sp ec ified *  . .
6 .  /  *  = A  *  u ,  ^  +  _  ^ O r ^ i
^ *3  ^  J f p ( J 2 . Z 0 5 £ - r  Z - . 3 0 3 K T
• ln o e  Log ^1 2 -  o a t  t h a t  point*
V 2
TTrI t  has been observed th a t  fo r  sev e ra l eystems a p lo t  o f  Log v e rsu s
Q _
x. i s  alm ost a s t r a ig h t  l in e  from th e  aero  co n cen tra tio n  having th©
v  X~tlow er v a lu e  o f Log o to  th© p o in t where Log * 09 so such a l in e  would
A ~,
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probab ly  be a very  good f i r a t  approxim ation* Also* th® curve connecting 
th e  p o in t  where Log 0 t o  th e  h igher end v a lu e  o f  Log ^show s q u ite
T v
pronounced c u rv a tu re  toward th e  c o n c e n tra tio n  a t  whioh t h i s  high end 
v a lu e  ocours* T h is  can be seen  by re fe re n c e  to  F igure 47*
When th e  curve was drawn and p ro p erly  ad ju sted  accord ing  to  th e  
f iv e  p o in ts  o u tlin ed *  alm ost ex ac t d u p lic a tio n  o f  th e  experim ental v a lu es  
was a tta in e d *  hence th e  experim en tal curve o f  F igure  47 re p re s e n ts  th e  
p re d ic te d  v a lu es  and no second curve i s  drawn*
T h is  method was a ls o  a p p lie d  to  th e  n-Butanol-W at®r system p resen ted  
in  C hapter I I I  w ith  th e  seme good agreem ent being a tta in e d *  T r ia l s  o f  
t h i s  method on many system s should be c a r r ie d  ou t b e fo re  d e f in i t e  con­
c lu s io n s  a s  t o  i t s  v a l id i t y  can be made* b u t i t  shows m e rit and i s  b e t te r  
th a n  th e  methods p rev io u sly  used*
OHAPTER VI 
SUMMARY
The l i t e r a t u r e  p e r ta in in g  to  th e  d e te rm in a tio n  and c o r re la t io n  
e f  v a p o r- l iq u id  eq u ilib riu m  d a ta  fo r  n o n -id e a l l iq u id  m ix tures has 
been tho rough ly  surveyed• The proposed methods have been c r i t io & lly  
examined and th e i r  l im i ta t io n s  po in ted  out* T his exam ination showed 
a d e f i n i t e  need f o r  ( l )  b e t t e r  methods o f determ ining  v a p o r- liq u id  
equilibrium , (2 )  b e t t e r  mothode o f  o o r re la t in g  and extending  ex­
p e rim en ta l d a ta  t o  p re ssu re s  and tem p era tu res  o th e r  th a n  th a t  
determined* and (5 )  a  dependable method fo r  p re d ie tin g  v a p o r- liq u id  
equilibrium  from d a ta  e a s i ly  and a c c u ra te ly  determined*
A new co n tin u o u s, r e c i r c u la t io n  ty p e  eq u ilib riu m  s t i l l  has been 
developed t h a t  w i l l  o p e ra te  s a t i s f a c to r i l y  on m isc ib le  or p a r t i a l l y  
m l8 o ib le  l iq u id  system s a t  p re ssu re s  rang ing  from below atm ospheric 
t o  co n sid e rab ly  above atm ospheric p ressu re*  This s t i l l  and one 
s im ila r  in  p r in c ip le  were th e n  used to  determ ine v a p o r- liq u id  equi­
lib r iu m  d a ta  on th e  b inary  system s, E thanol-W ater, n-B utanol-W ater, 
E thy l A e s ta te -W a te r , and n-Hexane-Ethanol# Data was a ls o  determ ined 
a t  t o t a l  p re s su re s  o f 250 mm#, 595 » 1270 mm#, 15^5 rQm** 2510 mm.,
and 2850 mm# on th e  system  n-Hexane-Ethanol*
An eq u a tio n  fo r  th e  c o r re la t io n  o f a c t iv i ty  c o e f f ic ie n ts  deriv ed  
from v a p o r- liq u id  eq u ilib riu m  d a ta  i s  presen ted  which i s  e a s i ly  handled 
when broken in to  i t s  component p a rts*  At th© same tim e t h i s  equation
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•hows th e  m agnitude o f  th e  v a r io u s  f a c to r s  in flu e n c in g  phase eq u ilib riu m . 
An a id  t o  drawing th e  approach o f  th e  eq u ilib riu m  curve t o  th e  end p o in ts  
i s  dem onstrated*
I n  a d d it io n  a  method fo r  p re d ic tin g  a c t iv i t y  c o e f f ic ie n ts  and vapor* 
l iq u id  eq u ilib riu m  d a ta  fo r  any system a t  m oderate p re ssu re s  based on th e  
method o f  c o r r e la t io n  p resen ted  i s  s u c c e ss fu lly  app lied*  The only d a ta  
re q u ire d  i s  a  knowledge o f  th e  vapor p re ssu re s  o f th© components and 
acourat©  is o b a r ie  b o il in g  p o in ts  covering  th e  e n t i r e  com position range* 
Such d a ta  a re  much more e a s i ly  and a c c u ra te ly  ob tained  th an  r e l i a b le  
v a p o r* liq u id  e q u ilib riu m  data*
I t  i s  s in c e re ly  hoped t h i s  work w i l l  s tim u la te  more in v e s t ig a t io n s  
along  th e  same o r r e la te d  l in e s  s ln o e  much experim ental d a ta  i s  n ecessary  
t o  ad eq u a te ly  t e s t  and improve th e  methods presented*
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APPENDIX
NCSMOUTUKS
a  —  a c t iv i t y
a  Tan d er Waal1 e con8ta u t  
a  —  em p irica l c o n s ta n ts  in  Equation ( 2 5 )
*12* a 21 ®mP*r *,ea* c o n s ta n ts  In  Equations ( 56 ) and (59)
A —  em p irica l c o n s ta n t,  Van Laar o r Mar g u les  
b —  Van d e r Waal*s c o n s ta n t
b ^ f bg —  e m p ir ic a l  c o n s ta n ts  in  Equations ( 56) and (5 9 )
B —  em p irica l constan t#  Van Laar or Margulee
B — second v i r i a l  c o e f f ic ie n t
0 —  t h i r d  v i r i a l  c o e f f ic ie n t
d^— s p e c i f ic  g ra v ity  re fe r re d  to  w ater a t  4°C*
e —  M athem atical quan tity#  e  * 2*716
f  — fu g a e ity
f ° —  fu g a e ity  in  th e  s tan d ard  s ta t e
fp—. fu g a e ity  c f  a  pure substance under i t s  own vapor p ressu re  
F —  f r e e  energy
T  p a r t i a l  m olal f r e e  energy
T°— p a r t i a l  m olal f re e  energy in  th e  s tandard  s ta te
F°—• f r e e  energy in  th e  s tandard  s ta t e
F —  f r e e  energy o f  mixing
pS— excess f r e e  energy
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— m elal ©nihalpy a t  a  p re ssu re  s u f f ic ie n t ly  low th a t  th e  id e a l 
law s hold
0
a —  p a r t i a l  m olal en tha lpy  a t  i n f i n i t e  d i lu t io n
IT —  p a r t i a l  m elal en thalpy
k  —- Henry Lae O onetant
K —  e m p iric a l c o n s ta n t in  E quation ( 4 j)
n  •"* number o f  m elee o f  any component
Hjj—  r e f r a c t i v e  index
p —  p a r t i a l  p re s s u re
P —  t o t a l  p re s su re
P —  vapor p re ssu re
Pq—~ c r i t i c a l  p re ssu re
Pp— reduced p re ssu re
Pee* vapor p re ssu re  o f th e  azeo tro p e  a t  tem perature» t
1 .
P a s-  vapor p re ssu re  o f  th e  azeo tro p e  a t  tem perature* V  
q —  e f f e c t iv e  m olal volume
Q —  a r b i t r a r i l y  d e fin ed  q u a n tity  o f  Equation (49)
R —  u n iv e rs a l  gas co n s ta n t 
t  tem p era tu re  
T —  a b so lu te  tem p era tu re  
T^—  c r i t i c a l  tem p era tu re  
Tp—  reduced tem p era tu re
v#VfV -  m olal volume o f  pure oomponont in  th© liq u id  ®
x —  mole f r a c t io n  o f any component in  a  l iq u id  m ixture
y — mole f r a c t io n  o f  any oomponont in  a vapor m ixture
z —  e f f e c t iv e  volume f r a c t io n
128
8 c o m p re ss ib ili ty  f a c to r
Z —  c o r re c t io n  f a o to r  d efin ed  by Squat lone  ( 56) and (44)
// •— t o t a l  p ro eeu re  
7T^-* reduced p re s su re  
—  a c t iv i t y  c o e f f ic ie n t  
A?t7- —  fu g a e ity  c o e f f ic ie n t  corresponding to  th e  t o t a l  p re ssu re , 7T~ 
fVtgaelty c o e f f ic ie n t  corresponding  to  th e  vapor p res  sure# P 
tfC —  r e l a t i v e  v o l a t i l i t y  
< T ~ -  average s tan d a rd  d e v ia tio n  
S u b sc rip ts
1 , 2 , 5 Component 1 , 2# o r J  
I f  h f j ,  1 •  Component i ,  h , j ,  1
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TABLE XIV
CALIBRATION DATA FOR COPF ER-CGNSTANTAN THERMOCOUPLES 
( R eference P o in t— le e  Bath a t  0°C .)
THERMO- FIXED STANDARD CORRECTED BAROMETER MILU- TEMP.
COUPLE POINT USED (INCHES OF MERCURY) VOLTS ° G
HUMBER ______________ _ . *
B.P. Ethanol 50 .2 8 5 .2 8 5 76.67
B.P* n-Hexane 50 .5 6 2 . 66? 69.11
B .P. Water 50 .1 5 4.274 100 ,20
f  •?* Sodium S u lfa te 1 .290 52 .58
B.P * Ethanol 5 0 .2 6 5 .2 8 5 78.67
B .P. n-Hexane 50 .5 6 2 .8 5 2 69 . l l
B .P. Water 5 0 .1 5 4.274 100.20
B.P. Ethanol 50 .28 5.285 78.67
B.P. n-Hexane 50 .5 8 2 .8 6 2 69.11









SOLUBILITY**? OF n-BUTANOL IN WATER
TEMP* Weight Percent n-Butanol in  Water
°0* Water Rich Fhaae Aiaohqi tM m .
2k 7 ^ 5 7 9 .0
25 7*4o 79.71
26 7.52 7 9 .6 6
27 7.29 79 .60
26 7.21 79.55
29 7.17 79 .50
50 7 .1 0 79.40
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SOLUBILITY21 OF ETHYL ACETATE IN WATER
TEMP. Weight Percent Ethyl Acetate In Watw
°n . Water Rich Ph&ga Ethyl Acetate Rich Phaae
0 10.06 97.71
5 9 .40
10 8 .9 5  97*39
1? 8 .2 9
20 7.86 97.02
25 7 .47  96.80
30 7 .16 96.60
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V irg il  Orr wa© bom  in  Glenmora# Louisiana on February 2, 1923.
Ho a tten d ed  Glonmora grammar and high  schools and was graduated from 
Glenmora High School in  1940* In  September o f 1<?4Q he en ro lled  a t  
Louisiana Polytechnic I n s t i t u t e  a t  Rust on, Louisiana and was graduated 
w ith  th e  Degree o f Bachelor o f  Science in  Chemical Engineering in  1944# 
He was employed by C it ie s  S erv ice R efining C orporation o f Lake 
Charles# L ouisiana a s  a s h i f t  a n a ly s t from July* 1944 u n t i l  h is  induc­
t io n  In to  th e  Armed S erv ices August 22# 1944#
A fte r a  b r i e f  t r a in in g  period  he was assigned to  th e  29th 
Engineering Photomapping B a ta lllo n  a t  Portland# Oregon# and l a t e r  
served in  Manila# P h ilip p in e  Islands#
He en ro lle d  in  th e  g raduate  school o f Louisiana S ta te  U n iversity  
In  September* 1946# and was appointed graduate  a s s i s ta n t  in  th e  
Department o f Chemical Engineering in  February# 1947# He was awarded 
th e  Degree o f Master o f  Science in  May o f  1946# and a t  th e  p resen t i s  
a  can d id a te  fo r  th e  Degree of Doctor o f Philosophy#
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